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Karen Adams, Chief

Permits and Enforcement Branch
U.S. Army Corps of Engincers
Regulatory Division

696 Virginia Road

Concord, Massachusetts 01742

Re: Cape Wind Project -- Scope of Aliernatives Analvsis Unde

Dear Ms. Adams:

Cape Wind Associates, LLC (“Cape Wind") understands that a question has arisen
concerning the extent to which the National Environmental Policy Act (“NEPA™), 42 U.S.C. §
4321, e1 seq., requires the U.S. Army Corps of Engineers (the “Corps™) 1o identify, screen and
cvajuate “‘alicmatives” 1o the proposed Cape Wind Project in the Eavironmental Impact
Statement (“EIS™) being prepared by the Corps. On behalf of my client, Cape Wind, this letter
provides information that addresses that question.

Federal courts consistently have held that NEPA does nor require a federal agency to
analyze, in the same level of detail as the applicant’s “proposed action,” any minimum number
of alternatives in an EIS. Instead, as discussed below and under facts similar to those present
here, Federal courts have upheld EISs that briefly examined and rejected, through an initial
screening process, each of the alternatives under consideration, and accordingly performed a
detailed evaluation on only (a) the proposed action, or (b) the proposed action and the oo action
aliernative. The law on this point is both conclusive and well-settled.-

NEPA requires a Federal agency in an EIS to “{r)igorously explore and objectively
evaluate al] reasonable alternatives [to a proposed action), and for alternatives which were
eliminated from detailed study, briefly discuss the reasons for their having been climinated.” 40
C.F.R. § 1502.14(a). NEPA's “‘rule of reason’ guides both the choice of alternatives as well as
tbe extent to which the Environmental Impaci Staterment must discuss each alternative.” Citizens
Against Burlington, Inc. v. Busey, 938 F.2d 190, 195 (D.C. Cir. 1991) ("If, thercfore, the
consideration of alternatives is to inform both the public and the agency decisionmaker, the
discussion must be moored to ‘some notion of feasibility.’” Jd. (quoting Vermont Yankee
Nuclear Power Corp. v. Natural Resources Defense Council, Inc., 435 U.8. 519,551 (1978)).
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It is well-setiled that the “range of reasonable aliernatives is ‘dictated by the nature and
scope of the proposed action.” Sirahan v. Linnon, 967 F. Supp. 581, 602 (D.Mass. 1997)
(quoting City of Carmel-By-The-Sea v. U.S. Dept. of Transporiation, 95 F.3d 8§92, 903.(9th Cir.
1996). NEPA envisions that a federal agency will first identify and initially screen a wide range
of alternatjves 10 a proposed action, and then conduct a2 more detailed environmental evaluation
of only those allernatives that are not rejected by the screening process (that is, the “reasonable™
alternatives”). In ths n:gard the F:rst C:rcun Court of Appcals has stawd that “po __M
udy exh al] ¢ -

would be substantially Qrcf erable 1) 1be gzoggscd site.” Roosevelt Campobeﬁo ermma!
Park Commission v. U.S. Environmental Protection Agency, 684 F.2d 1041, 1047 (1" Cir. 1982)
(Empbasis added). See aiso Ciry of Bridgeion v. FAA, 212 F.3d 448, 456 (8"'(‘.;! M) CAn

alternative that does not accomplish the purpose of the project in quesuon is un reasonable and
- does not require detailed attention in the FEIS.”) (emphasis in original).!

Based on this reasoning, the Federal courts consistently have upbeld EISs which .
eliminated (through an initial screening process) each of the alternatives under consideration, and
accordingly conducted a detailed environmental review of only: (a) the proposed action; (b) the |
proposed action and the no-action allernative; and/or (¢) the proposed action, the no-actiob

alternative, and alternatives which primarily were "‘variations™ 1o the proposed action. Examples
of these decisions include the following.

¢ Tongass Conservation Society v. Cheney, 924 F.2d 1137, 1138-1141 L. Cir.
1991), which upheld as rcasonable an EIS prepared by the Navy which, after initially
screening and rejecting 13 of the 14 alternatives under consideration as nm feas:ble
evaluaied in detail only the “preferred aliemnative.” In reaching this determine
coun concurred with the Navy's reasoning that *because the [propoesed acuon]
the only feasible site, there was no reasonable aliemative to evaluate; hcnee the EIS
need only 10 have briefly discussed why the other preliminarily screened si
not reasonable aliernatives.” Jd.

o Swrahan v. Linnon, 967 F. Supp. 581, 602-603 (D .Mass 1997), which upheld the
Coast Guard’s detailed analysis of only the *'po action™ alternative and the proposed
action (the “APLMR Initiative™) in its Final EIS. The-count noted with appmvd ﬂw

‘Preferred Aliemnative,’ evaluating. !‘actors such as  the pownu:l lmpmm the -
physical, bmloglcal and socioeconomic environments. ... {Tihe sts also briefly

| be proposed if opponents had no obligation to do more than meke @ facnalb' ph ssible

-_'_that 3 particular alternative might be of interest, and could then, aflerawung &hefes ! find. . -
- reasons why the agency’s survey was inadequate.” Seacoasr Anti-Pollution v: Nuciear :
._._'_chulatmy Commission, 598 F.2d 1221, 1230-31 (1" 1979) (cmphms added).
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evaluates and explains its reasons for rejecting jother alternatives). ... 1 find that the
discussion of alternatives, combined with the detailed response o comments is
sufficient 10 trigger such judicia) deference.” Id.

s Carmel-By-The-Sea v. U.S. Dept. of Transponiarion, 123 F.3d 1142, 1157-1159 (9th
Cir. 1997), upholding the U.S. Department of Transponation’s (“DOT”) decision to
limit jts detailed consideration of ahiernatives 10 the *no action” aliernative and other
altemnatives which primarily were variations to the “proposed action.” Afier
determining that "[a]}] of the aliernatives considered ..., aside from the *“no action”
proposal, sought either 10 expand Highway 1, or 10 build a new freeway through
Hation Canyon,” the count decided that the “Draft [EIS) had previously considered
and rejected several other proposals .... These proposals span the spectrum of
“seasonable” alternatives and satisfied the requirements of [NEPA}.” Jd.

o Laguna Greenbelt, Inc. v. U.S. Dept. of Transportation, 42 F.3d 517, 523-524 (Sth
Cir. 1994), which determined that the DOT could, after considering and rejecting &
nusnber of ahiernatives duning an initial screening process, evaluate in detail only the
“po action” alternative, the “preferred altemative,” and a variation to the “préferred
alternative.” In reaching this decision, the Court observed that “the EIS discusses in
deiail two build alternatives: the proposed comridor ... and a second option following
the same alignment and having the same geperal Jane configuration .... The EIS also
discusses a third option, the no-build aliemmative. 1n addition, the EIS discusses six
categories of aliemmatives that were evaluated in earlier environmental documents and
or in the course of the [EIS] but were eliminated from more detailed analysis and
ulimately rcjected.“ Jd. The court then determined that all six categories of
allernatives “'were rejected as not feasible or failing 10 meet to project’s objective ...
Thus, the EIS discusses in detai] all the alternatives that were feasible and bricfly
discusses the reasons that others were eliminated. This is all

no minimum number of alternatives that must be discussed.” 1d. “(cmphasxs added)

1 understand that the Corps’ EIS will identify and screen a number of alternatives,
including tbe no action alternative, to the Cape Wind Project 10 determine whether any are
reasonable and shouid be evaluated in further detail. The precedent identificd above establishes
conclusively that there is no ‘minimum number™ of alternatives that must successfully pass the
initial screening process in the EIS so as 1o require further evaluation. Instead, provided the
Corps fully articulates its reasoning, it would be proper for the Corps to eliminate the potential
aliernatives to the Project through an initial screening process, and fully evaluate in detail in the
EIS only (a) the proposed action, (b) the proposed action and the no action alternative, or (c) the
proposed action and aliernatives which may constitute *“variations” to the proposed actions.
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Adams, Karen K NAE

From: Dennis Dufty [ddufty@emienergy.com)
Sent: Monday, October 20, 2003 3:05 PM
To: ' Karen Kirk Adams (E-mafl)
G arthur pugsley@state.ma us; barry. drucker@mms.gov, deerin.babb-broi@state.ma.us;

poascombe@capecodcommission.org; jane.meade @state. ma.us; al.benson@hg.doe.gov,
timmerman.timothy@epamail.epa.gov, meskal_jochn@epamail. epa gov
Subject: Comments to Draft Alternatives Analysis

Cape Wind wishes to reply briefly to Tim's altemnatives comments of Oclober

9. 1 has been suggested that the basic approach of the alternatives

analysis shovld now be revised because of 8 statement reportedly made by Jim
Manwell that "a 100 mw offshore project could be commercially viable.” As

set forth below, such & revision is not appropriate,

First, the factual premise for the comment is incomect. Professor Manwell

has confirmed 1o us that he did not opine that 2 100 mw offhsore project

could be viable for New England. What he did say may have been taken out of
context, ang may refer to economic viabllity under European conditions and
market supports, which are not relevant to the American situation.

Second, and in any event, 2 100 mw facility would be too far removed trom
our commercial purpose of constructing a major 420 mw facility, with the
economies of scale that would allow a more substantial (i.e., not the
smallest possible) contribution 1o the region’s electric suppiy portfclio

and air quality, through sales into New England's compelitive energy
markets. It is well settied under NEPA that the business goals of &

private applicant should be taken intc account end, in the words of Judge
Ciarence Thomas, "Congress did not expect agencies to determine for the
applicant what the goals of the apphcant’s Jcommercial] proposal should
m L]

Sincerely,
Dennis J. Duffy

Cape Wind Assccistes
617-804-3100, x.112
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CAPE COD COMMISSION

3225 MAIN STREET
F.O. BOX 226
BARNSTABLE, MA 02630
(508} a62-3828
FAX {608B) 362-3136
E-mall: frontdesk @ capecodcommission.org
October 9, 2003
Ms. Karen Adams
U.S. Amy Corps of Engineers
New Engiand Division
696 Virginia Road

Concord, MA 01742-2751
RE: EIS Alternatives
Dear Ms Adams:

Thank you for the opportunity to participate in the inter-agency meeting at yout offices
on September 24, 2003 to discuss the alternatives and screening criteria for the Cape
Wind Environmental Impact Statement (EIS). The following comments are those of the
Commission staff ag the Commission subcomnmittee has not reviewed the materials
distributed at the September 24™ meeting regarding the Corps approach to the EIS
alternatives analysis, and in regard to the draft Peer Review comments and EIS
appendices. The Commission staff continues to look forward to assisting the Corps in
developing a thorough and objective EIS for this project.

Meeting Notes _
We have received the draft notes of the September 24, 2003 meeting and in general

believe they reflect the gist of much of the discussion. At the meeting, agencies
represented were asked to comment on whether the sites under consideration were
appropriate or could be excluded from further analysis, Commission staff at the meeting
felt uncomfortable with commenting on many of these sites, particularly as the exact
locus was undefined and that the participants had no opportunity to conduct their own
assessment of the constraints for each site. Thete was also some disagreement on whether
some of the identified constraints were accurate, For example, some questioned whether
navigation issues for shipping at New Bedford would eliminate that site from
consideration, Speaking for the Commission staff only, the fact that few comments were
offered for individual sites at the meeting was more a reflection of a lack of information
than a signal of agreement. Therefore, we would suggest that where it is indicated that
there was a consensus or agreement, it should be clear that there was only partial
agreement among the participants.

lrerna tes/Flexible application eening Criteri
The Commission staff support the Corps recent more flexible application of the screening
criteria for the alternatives analysis portion of the DEIS, rather than the pass/fail
} application previously proposed. In addition, we believe that the analysis of
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representative alternatives has merit for such a complex project and that as a broad
concept, this approach is worth pursuing. In principal at least, this approach would seem
o allow for a broader range of alternatives (and their relative impacts) to be evaluated in
the DEIS. However, Commission staff have sorme concerns over the steps taken to arrive
at the representative sites.

We are concerned that the list of alternatives has not been developed by any methodical
analysis of viable wind sites in New England. Instead, the sites under consideration have
been accumulated via suggestions made at meetings based on independent knowledge.
While this has certainly identified potential sites, the methodology could be open to
criticism in that it does not objectively look at the region as a whole. We recognize the

difficulty in evaluating a laxge. geograph:cal area such as New England, however, it
secms that such an exercise is vital in order fur the EIS Alternative Analysis to be

supportable. An approach that would potentially address this concern was suggested by
the Peer Review group: “What would be helpful would be some analysis showing areas
in New England with the required wind speed, the amount of land required, and the cost
of transmission upgrades needed for grid access.” This would cleatly provide an

* objective base for the start of the analysis, from which the screening criteria could be

applied.
Additional Suggestions

We are encouraged by the consideration of multiple sites as an alternative to a single,
large facility. We strongly believe that distributed facilities have many benefits, not the
least of which is the potential for easier integration into the transmission system and
potentially lesser environmental impacts. However, as we have commented in earlier
correspondence, we don’t believe that close geographical proximity is necessarily an
appropriate factor when considering multiple sites, although it may affect the economic
return on the project. Therefore, we would suggest that this constraint be reconsidered.

Based on the discussions at the September 24™ meeting and the mecting we attended in
Boston on September 29 and 30 sponsored by the Dept of Energy, it scems that a
potential combination of sites worth considering would be a combination of Boston
Harbor and New Bedford. The National Park Service has already begun a process of
evaluating wind turbines in the Boston Harbor Islands Recreation Area and the Town of
Hull is considering placing additional turbines offshore in the vicinity. It also appeared
from the US Coast Guard that there would be room for turbines outside the navigational ™
channels of New Bedford. This combination of smaller deployments would provide a
more urban setting for offshore facilities and may in combination reach the lower end of
the range of facilities.

Furthermore, as we have suggested in prior correspondence, we believe the following
alternatives should also be considered:
»  Smaller facilities (i.e. fewer turbines) at Horseshoe Shoals
*  Alternative design configurations that may have less visual impact. For
instance, the Middlegrunden facility was redesigned to be more visually
pleasing. It would be useful to have an analysis of different sized turbines,
particularly in locations closest to shore, that would potentially have less
visual impact and keep the capacity within the range under consideration.

P3
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» An analysis of whether choosing the largest machines available makes the
most efficient use of the wind resousce, at least as weighed against the
watersheat area occupied, prevailing versus average wind conditions, turbine
spacing, rotor diameter and visual impacts. For example, could a smaller
turbine or rotor that operates at lower wind speeds produce sufficient energy
to make a project viable and have less visual impacts and occupy less area of
the Sound? Cape Wind is proposing to use the largest turbine currently
available to maximize return on investment, The EIS should provide an
assessment of whether this approach is in the public interest.

Peer Revi ma .

With reference to the Draft EIS conclusions on alternatives, the Peer Review Sumumary
notes that “there arc many cases where the logic used lo reach these conclusions is either
flawed or is stretching reality” and that it ““has the appearance of being written by
advocates for the project rather than the USACE". The aim of the EIS is to provide
unbiased and objective information, and as such, even the appearance of a conflict or
subjectivity can severely undermine the integrity of the process. It is currently unclear to
what extent the Peer Reviewers comments will be embraced, but our hope is that the
Corps is able to remedy the situation by presenting a balanced view of the complex
information available.

This comment could also be made in relation to the application of the screening criteria,
and the Commission staff would suggest that the Corps make every effort to consistently
apply the selected criteria. For instance, navigational issues and proximity to shipping
lanes and flight paths are raised as constraints for a number of offshore sites, although
they are not listed under the s¢reening criteria and no description of what constitutes a
conflict is included. In contrast, Table 3-6 which deals with the three Nantucket Sound
sites, repeatedly references “minimal conflicts” with shipping and aviation for those sites,
but provides no discussion of what constifutes a minimal conflict. At face value, it seems
that this criterion has not been evenly applied and it would therefore be appropriate to
expand on how the criteria are applied and the parameters of each,

As a number of independent sources bave confirmed, including the Pcer Reviewers, the
relevance of these criteria depends on many factors, By some estimates an offshore
project could be viable with as little as 100MW (or less) capacity. As the Commission
pointed out in our December 19, 2003 letter, this figure is in sharp contrast to Cape
Wind’s capacity and the range of projects under consideration in the EIS (200MW-
1,500MW). It is perhaps more appropriate for the range of facilities under consideration
to be based on what is economically feasible for renewable facilities, rather than what has
historically been connected to ISQO-New England’s grid. We have continually commented
that the range currently being used is inappropriate 1o the project purpose and need. This
concern seems to be shared by the Peer Reviewers who felt “that there are “utility scale”
wind projects less than 200M W™ and that “Many wind power plants with capacities
under 100MW are installed in the US”, We strongly recommend that the Corps
reconsider whether this range is appropriate.

The size of the project has a direct bearing on the application of a number of the
screening criteria, most notably the transmission surplus and land/watersheet area needed,
At the September 24" meeting, many sites were shown to have insufficient capacity or

P4
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available area to accommodate the range established (200-1,500 MW). However, this
analysis would be different if a smaller area was needed and if a smaller surplus in the
transmission capacity was applied. As mentioned in the Peer Review Summary, there are
also some rules of thumb applied to this analysis (particularly regarding turbine spacing,
rotor diameter and aveilable ares) that may be flawed which would further affect the
viability of alternative sites. Therefore it seems that elimination of some sites at this stage
may be premature, given the comments made by the Peer Review group.

A comrnon thread that runs throughout the Peer Review summary refers to the economic
considerations in developing this kind of project. These factors have & direct bearing on
the applicability of the screening criteria. For instance, the economic viability of a project
is as much related to the financier’s return on investment, as it is to wind speed, water
depth, land/watcr area and distance lrom shore, ete, Therefore, the EIS should also
include a broad and generalized economic feasibility analysis for an offshore wind farm
that is not specific to Cape Wind to provide an insight'into these issues. This should
include a detailed discussion of how the price paid for energy and “green attributes”
affect the economic viability of a project and how wind resource relates to this analysis.

The Peer Review summary also raises a significant issue related to the long-term viability
of the project and that should the project fail, it would be “the worst possible

environmental outcome.” It seems that this would also be the worst possible outcome for
the emerging offshore wind energy industry, renewable energy advocates in general and
for the users and neighbors of Nantucket Sound. This concern is shared by many and
should be addressed in the EIS for this experimental technology. A *failed, bankrupt
project” at the location selected by Cape Wind is likely to set renewable wind energy
development back for decades and thus it is imperative that provision be made to address
this jssue. For instance, a phased installation would provide some degree of testing for the
technology and would be consistent with the precautionary approach to emerging
technologies. Similarly, although bonding for removal/decommissioning is traditionally a
mechanism for dealing with abandoned facilities, it scems unlikely that Cape Wind
would be willing to provide a bond sufficient to ensure complete site restoration.

We hope that the Corps will give careful consideration to the comments made by the Peer
Review group as the Draft EIS is prepared, thank you for the opportunity to comment.

Sincergly,

ce:  Cape Cod Commission Subcommittee Members (Aitchison, Ansel, Broidrick,
Kadar, Taylor, Virgilio)
Lecnard Fagan, Cape Wind Associates, LLC, 75 Arlington Street, Suite 704,
Boston, MA 02116.
Charlie Natalie, ESS Inc., 888 Worcester Street, Suite 240, Wellesley, MA 02482
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Arthur Pugsley, EOEA ~ MEPA Unit, 251 Causeway Street, Suite 900, Boston,
MA 02114

Jane Mead, Massachusetts Coastal Zone Management, 251 Causeway Street,
Suite 900, Boston, MA 02114

Vemon Lang, US Fish and Wildlife, 70 Commercial Street, Suite 300, Concord,
NH 03301

Tim Timmerman, EPA-New England, Region 1, 1 Congress Street, Suite 1100,
Boston, MA 02114-2023
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896 VIRGINIA ROAD RBCB“IBD

CONCORD, MASSACHUSETTS 01742-2751

Ofi
RERE o SARAS

peaKins COELL?

Office of Counsel July 14, 2004

Ms. Jena MacLean
Perkins Coie

607 14" Street NW
Washington, D.C. 20005

Re: Proposed Meeting To Discuss Legal Issues
Dear Ms. MacLean:

I am writing in response to your letter dated July 8, 2004, in which you requested a
meeting with me to discuss legal issues relating to the Cape Wind project. While I
appreciate your raising issues of concern regarding this project, I do not think a meeting
to discuss the legal issues you raised would be productive, as I would not wish to risk
waiving my clients’ privileges by engaging in a conversation regarding the agency’s
position on legal issues. However, I would encourage you to submit any written
comments that you deem appropriate, as you have done in the past.

Sincerely,

W{)Mm

Almeida
Assistant District Counsel



" Conservation Law Foundation

Date: May S, 2004

Mr. Patrick H. Wood, 11, Chairman
Federal Energy Regulatory Commission
888 First Street NE

Washington DC 20426

Re:  Regional Liquefied Natural Gas (LNG) Terminal Siting in New England

Dear Chairman Woad; _

As you are aware, proposals for new Licquefied Natural Gas (LNG) terminals in New England and
across the country have become extremely controversial. From my perspective as President of the
Conservation Law Foundation (CLF), New England’s largest regional environmental organization with
offices throughout New England, it is apparent that LNQG terminal siting is & regional issue of great
importance and with significant environmentat implications. CLF therefore proposes that the Federal
Energy Regulatory Commission (FERC) work with the Governors of New England’s coasta] states and
other federal officials to address the very complicated and controversial issues associated with LNG
terminal siting through a New England region-wide approach,

CLF believes that New England’s key regional policymakers need to engage in finding a solution to
this issue, one that works for all New Englanders. Afier careful consideration, we believe that the solution
lies in a regional evaluation of the merits of adding one or more new LNG terminals to New England’s
energy base and the development of a regional strategic plan for new terminal siting prior to approval of
any individual terminal. This evalustion should include examination of opportunities at the state level to
reduce overall energy demand through increased efficiency and to reduce demand for fossil fuels through
increased use of renewable energies, CLF does not have the answers to these critical questions about
terminal siting, but we ask you, as regional policymakers, to develop and evaluate the information needed
to make fair and informed decisions about the need for additional terminal capacity in New England and
the siting of such terminals. In the end, CLF’s objective is to ensure that any new LNG termina) in New
England is sited fairly, strategically, in an environmentally protective manner and on the basis of need.

To date, proposals for several potential NG terminal sites have been advanced in New England,
specifically in Maine, Massachusetts and Rhode Island. These proposals, however, are advancing on a
community-by-community basis. As such, they are not part of a coherent strategy for evaluating the
merits of one or more new terminal(s) for New England generally, or for any particular community
specifically. From CLF’s perspective, this ad hoc approach has not been cffective and will continue to
founder. It has pitted New England communities against one another in wrestimg with the merits and the
risks of specific proposals. This has led to very unproductive results.

62 Summer Street, Boston, Massachusetts 02110-1016 » Phone: 617-350-0990 ¢ Fax: 617-350-4030 * www.cif.org

MAINE: 120 Tillson Avesue, Suite 202, Rockland, Maine 048413416 » 207-594-8107 » Fax: 207-556-7708
NEW HAMPSHIRE: 27 Nosth Main Street, Concord, New Hampshire 03301.4930 + 603-225-3060 * Fax: 603.225-3059
RHODE ISLAND: 55 Dosrance Strect, Providence, Rhode Island 02903 = 401-351-1102 » Fax: 401-351-1130



Conservation Law Foundation

One issue that must be addressed is how much natural gas New England needs. There is
tremendous variability in forecasts for New England’s demand for naturel gas. This is in part because
many forecasts are made in support of specific agendas. Demand for natural gas in New England is
partially driven by an environmental agenda: natural gas is an important transitional fuel until we move to
a comprehensive renewable energy base. Simply put, more natural gas supply means lower prices; lower
prices mean that cleaner-operating natural gas plants supply more of New England’s energy demand.
Indeed, significant air quality benefits would accrue if the natural gas power plants that now make upa
substantial portion of the generating base of New England are fully utilized New England’s Independent
System Operator forecasts that in 2005 roughly 45 percent of our regional electrical generating capacity
will utilize natural gas. ‘The Massachusetts Division of Energy Resources and the US DOE Enetgy
Information Administration similarly forecast a steady rise in the percentage of New England’s electricity
coming from these plants.

Analysis by your staff estimates that peak monthly natural gas use can be met with the existing
import capacity through 2005, and that proposed additions to import capacity would provide adequate
capacity through 2010. But that analysis assumes that in addition to planned additions to pipeline
capacity, some of which are in construction, by 2010 there will be (a) st least one new major LNG
terminal built in Eastern Canada, (b) significant expansion of the existing LNG terminal in Boston Harbor
and (c) at least one other new major LNG terminal, or two to three smaller LNG terminals with roughly
the same capacity as a single large facility, in New England.

There are currently four anuounced LNG terminal proposals in New England and two in Eastern
Canada. One proposed terminal for Harpswell, Maine was voted down by the community under very
acrimonious circumstances on March 9 and now may be off the table. That result immediately focused
attention o an undefined proposal to build an LNG terminal on Sears Island, in Penobscot Bay, Maine,
Three other proposed terminals are clustered at the upper end of Narragansett Bay, Rhode Island, All
three would require LNG tankers to travel up the main shipping channel of Narragansett Bsy through the
heart of Rhode Island waters. There is also an existing LNG terminal in Everett, Massachusetts and many
people are concerned about possible future plans for expanding that facility.

New or expanded LNG terminals present significant potential environmental impacts. The risk of
a catastrophic event would seem to argue against siting in urban areas such as those in Rhode Island and
Massachusetts, While the extent of this risk is the subject of considerable debate, CLF believes that such
a risk is, at 2 minimum, sufficiently credible to require a complete review as part of a regional approach to
siting. On the other hand, there are numerous potential environmental impacts to the less populated
coastal areas of Maine. One reason the Harpswell site was voted down was due to potential impacts on
lobster fishing. Although Sears Island offers access to a deepwater port with suitable infrastructure, it is
Meine’s largest undeveloped island and the project may require considerable dredging. Sears Island is also
located in the upper reaches of Penobscot Bay, a tremendous soenic and natural resource and some of the
richest lobstering grounds in the world. More generally, there is also concem that LNG terminal siting,
including potential off-shore sites, may provide additional infrastructure that will encourage exploration
and development of potential off-shore oil and gas resources such as Georges Bank, long defended by CLF
and others from such drilling. _



Conservation Law Foundatjon

Complicated issues such as these lead us to conclude that the best approach would be regional and
strategic and address these issues proactively. There may be several tools that can serve as vehioles for
such an approach. One tool that FERC could usc would be the development of a programmatic
environmental impact statement (EIS), The National Environmental Policy Act (NEPA) provides for the
preparation of programmatic EISs in order to evaluate "broad actions” geographically (e.g., by region) or
generically (e.g., common timing, impacts, alternatives), and anticipates that connected, cumutative or
sitnilar actions should be evaluated in a single EIS. 40 CF.R. §§ 1502.4(b)(c); 1508.25(aX1)<3). The
programmatic EIS can then be used to facilitate and expedite the preparation of subsequent project-
specific EISs (“tiering”), allowing those documents to concentrate only on site-specific issnes. 40 CF.R,
§§ 1500.4-5; 1502.4(d); 1502.20. Alternatively, a separate but equally sigorous regional altesnatives study
involving federal, state, and private participants could accomplish similar results, leaving the
environmental impact analysis to FERC and the individual project proponent(s).

CLF beheves that undertaking a regional approach to LNG terminal siting represents an important
opportunity to address this controversial issue in a strategic manner and propel consideration beyond the
ourrent, site-specific, polarized siting debates, Most importantly to all of us, a more rational approach to
LNG siting could help reduce New England's dependence on dirtier fels like coal and oit while ensuring that
the terminal site selection process provides an economically sensible and environmentally acceptable result,

In the coming weeks, my staff will contact your office to discuss FERC’s interest in participating
~ in initial meetings designed to advance a regional approach to LNG terminal siting. I appreciate your time
and consideration of this proposal and look forward to working with your office 10 resolve this issue of
utmost importance to New England. You or your staff may alse contact me directly et 617-350-0950.

Sincerely yours,

Phillip Werburg, President
Conservation Law Foundation

CC  Robert W. Vamey, Regional Administrator, USEPA
Governor John E. Baldacci, State of Maine
Governor Craig Benson, State of New Hampshire
Govemor Donald L. Carcieri, Statc of Rhode Island
Governor Mitt Romney, Commonweslth of Massachuseatts
Gaovemnor John G. Rowland, State of Connecticut
Senator Edward M, Kennedy, Commonwealth of Massachusetts
Senator John F. Kerry, Commonwealth of Massachusetts
Senator Olympia J. Snowe, State of Maine
Senator Susan M. Collins, State of Maine
Senator Jack Reed, State of Rhode Island
Senator Lincoln D. Chafee, State of Rhode Island
Senator Judd Gregg, State of New Hampshire
Senator John E. Sununu, State of New Hampshire
Senator Chiristopher J. Dodd, State of Connectiout
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396 Main St., Suite 2 Hyannis, MA 02601 508-775-9767

May 252004 www.saveoursound.org

Colonel Brian A. Green

U.S. Army Corp of Engineers
New England District

696 Virginia Road

Concord, MA 01742

Dear Colonel Green:

The Alliance to Protect Nantucket Sound has consistently argued that a programmatic
and region-wide approach to the potential siting of offshore wind projects must be
undertaken before the consideration of individual projects, such as the proposed Cape
Wind project. The grounds for such an approach include all of the following:

. offshore wind projects "in New England and across the country have become
extremely controversial”;

N offshore wind project "siting is a regional issue of great importance and with
significant environmental implications";

. offshore wind projects are "very complicated and controversial" and "the
solution lies in a regional evaluation of the merits of adding one or more
[offshore wind projects] to New England's energy base and the development of
a regional strategic plan for [project] siting prior to approval of any individual
[facility]";

. there is no "coherent strategy for evaluating the merits of one or more
[projects] for New England generally, or for any particular community
specifically";

. the current "ad hoc approach has not been effective and will continue to
founder";

. "there may be several tools that can serve as vehicles for such an approach”;

. the most appropriate vehicle for such a review is "the development of a

programmatic environmental impact statement" under the National

[39223.0001/DA041310.007]
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Environmental Policy Act, which is used to evaluate "broad actions
geographically (e.g., by region) or generically (e.g., common timing, impacts
alternatives), and anticipates that connected, cumulative or similar actions
should be evaluated in a single EIS"; and

. such an approach, rather than project-specific, ad hoc analysis, such as is
occurring now with great controversy, mefficiency, delay, and inadequate
review, "can then be used to facilitate and expedite the preparation of
subsequent project-specific EISs."

The Alliance first requested that the Corps adopt this approach by letter of April 1,
2004. The Safewind Coalition joined in this request in April, as well.

All of the above quotations, which the Alliance agrees with, come from a May 5,
2004 letter by the Conservation Law Foundation (CLF). Attachment 1. That letter is
written to the Chairman of the Federal Energy Regulatory Commission regarding the
potential development of Liquified Natural Gas terminals in New England. CLF's
logic makes perfect sense, not only for LNG energy development, but also for
offshore wind, and the Alliance again requests that the Corps suspend its
.environmentally unsound, unlawful, and conflict-inducing review of individual
offshore wind projects such as the Cape Wind proposal in favor of the programmatic
EIS approach advocated by CLF for region-wide energy development. The recent
report of the U.S. Commission on Ocean Policy also calls for the use of a
programmatic analysis of offshore wind energy development before individual
projects are considered. |

The need for such an approach is all the more evident now that a proposal has ripened
for another major offshore wind project only 200 or so miles from the site of the
proposed Cape Wind project. That project site on the southern coast of Long Island
is, of course, a viable alternative to Nantucket Sound, as are many other locations
considered and apparently ruled out by the Corps. Attachment 2. In fact, the Long
Island site is closer to the Nantucket Sound site than some of the other alternatives
that the Corps agreed to consider. There is no valid basis for precluding sites simply
because they are not located in New England. '

While the Alliance takes no position on the merits of the Long Island site, it is clear
that the existence of such a project is further evidence of the need for a programmatic -
EIS. It also is an alternative that must be considered to the Nantucket Sound locations

(39223-0001/DA041310.007] 05/25/04
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for the Cape Wind project. A programmatic EIS would clearly establish the basis
upon which these and other sites could be considered, to use CLF's words, for
purposes of developing a "regional strategic plan for siting prior to approval of any
individual” project.

The Alliance again requests that the Corps adopt the legally-required, rational
approach of undertaking a programmatic EIS of offshore wind before conducting any
site-specific studies permit application reviews.

Very truly yojirs,
/r_ry ‘
A /

usan Nickerson
Executive Director

Attachments

cc: See attached list

(39223-0001/DA041310.007] 05/25/04



Cooperating Agency Listing

Phil Dascombe

Cape Cod Commission
3225 Main Street
Barnstable, MA 02630

Theresa Flieger

Federal Aviation Administration
12 New England Executive Park
Burlington, MA 01803

Jim Fargo

Federal Energy Regulatory Commission
888 First Street NE

Washington, DC 20426

Timothy Timmerman
Environmental Protection Agency
1 Congress Street, Suite 1100
Boston, MA 02114-2023

Truman Henson

Massachusetts Coastal Zone Management Office
3225 Main Street

Barnstable, MA 02630

Arthur Pugsley

MEPA

100 Cambnidge Street, Suite 900
Boston, MA 02114

Karen Kirk Adams

U.S. Army Corps of Engineers
New England District

696 Virgina Road

Concord, MA 01742

Vernon Lang

U.S. Fish and Wildlife Service
70 Commercial Street, Suite 300
Concord, NH 03301-5094
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Edward LeBlanc
U.S. Coast Guard
MSO Providence

20 Risho Ave.
Providence, R102914

Jack Terrill

National Marine Fisheries Service
One Blackburn Drive

Glouster, MA 01930-2298

Al Benson

Department of Energy

Boston Regional Office

JFK Federal Building Room 675
Boston, MA 02203

Barry Ducker

Minerals Management Service
381 Elden Street

Mail Spot 4010

Hemdon, VA 20170

Phone: (703) 787-1296

Brona Simon

Massachusetts Historic Commission
220 Morrissey Boulevard

Boston, MA 02125

Beverly Wright

Wampanoag of Gay Head Aquinnah
20 Black Brook Road

Aquinnah, MA 02535

Maria Burks — Superintendent
Cape Cod National Seashore
National Park Service

99 Marconi Site Road

Wallfleet, MA 02667

Brian Nickerson

Massachusetts Military Reservation
Building 1203

West Inner Road

Camp Edwards, MA 02542
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John Pagini

Nantucket Planning & Economic Development Commission

1 East Chesnut Street
Nantucket, MA 02554

Colonel Michael W, Pratt
New England District Office
696 Virgina Road

Concord, MA 01742-2751

Horst Greczmiel

Associates Director for NEPA
Council on Environmental Quality
722 Jackson Place NW
Washington, DC 20503

Phillip Warburg
Conservation Law Foundation
62 Summer Street

Boston, MA 02110 -1016

[39223-0001/DA041350.019]
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CONSERVATION Law FOUNDATION

June 10, 2004

Colonel Brian A. Green

U.S. Army Corps of Engineers
New England District

696 Virginia Road

Concord, MA 01742

Re: May 25, 2004 Letter from the Alliance to Protect Nantucket Sound

Dear Colonel Green;

In a letter to you dated May 25, 2004, the Alliance to Protect Nantucket Sound (Alliance) urged
the Corps to conduct a programumatic EIS and to suspend any further review of Cape Wind's proposal for
a wind farm on Horseshoe Shoals in Nantucket Sound. Of particular concern to the Conservation Law
Foundation (CLF) is that the Alliance’s letter misleadingly invokes arguments advanced by CLF in favor
of a regional strategic assessment of the need for additional Liquefied Natural Gas (LNG) terminals in

‘New England. The purpose of this letter is to highlight the fundamental differences between CLF’s
proposal for a regional strategic plan for siting new LNG (erminals and the Alliance’s call for a
moratorium and programmatic EIS on offshore wind development.

First, CLF’s proposal for regional planning for LNG is premised on a fundamental data gap in the
LNG context that simply does not exist for offshore wind. There is tremendous variability in forecasts for
New England’s demand for natural gas. As aresult, we do not know how much gas is needed and how
many new LNG facilities would be required to meet the region’s demand for gas. Quite the opposite is
true in the context of wind power. We know that large-scale renewable energy development is essential
to meet Massachusetts’s obligations under the Renewable Portfolio Standard (RPS) and to achieve the
dramatic reductions in greenhouse gas emissions needed to minimize the threat of severe climate change.
It is well-known that New England needs a number of small and medium-sized renewable energy projects
on land and at least one project of the size, scale and scope of the proposed Cape Wind project in order to
meet the RPS and climate change goals. We also know that wind is the most economically viable
renewable energy source and that the Cape Wind project is presently the only proposal for a project of this
size, scale, and scope in the region. The Alliance’s suggestion that the Long Island wind project site “is
an altemative that must be considered to the Nantucket Sound locations” ignores the fact that the Long
Island project by its nature (i.¢., because it is in New York and sponsored by a New York State public
authority) cannot supply renewable energy that counts towards Massachusetts’ RPS obligations.

62 Summer Street, Boston, Massachusetts 02110-1016 « Phone €17-350-0990 » Fax 617-350-4030 + www.clf.brg

MAINE: 120 Tillsan Avenue, Reckland, Maine 04841-3416 « Phone 207-594-8107 » Fax 207-596-7706
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VERMONT: 15 East State Street, Sutte £, Montpelier, Vermont 05602-3010 + Phone 802-223-5592 » Fax 802-223-0060 PRINTED ON RECYCLED PAPER ¥ 8



CONSERVATION LAW FOUNDATION
Defending the Law of the Land

Second, fundamentally different motives underlie CLF’s proposal for regional planning for LNG
and the Alliance’s call for a programmatic EIS on offshore wind development. CLF recognizes a need for
increasing the region’s supply of natural gas as a transition fuel while'we work to expand our use of
renewable energy resources, and has called for a regional strategic analysis to ensure that proposals for
new LNG terminals are based on well-documented regional need. A programmmatic EIS would be one
option of many for conducting the regional assessment. The Alliance, on the other hand, has made very
clear that its mission is to stop the Cape Wind proposal from becoming a reality, and has called for a
programmatic EIS in an attempt to stall or prevent the project from moving forward. Indeed, the Alliance
has explicitly asked the Corps to suspend further consideration of the Cape Wind proposal as part of a
programmatic EIS. By contrast, in the LNG context, CLF has stated that a clear regional assessment
should precede a decision on any individual sites, but has not suggested that relevant review processes for

individual sites should be put on hold.

I hope that this letter resolves any confusion that may have resulted from the Alliance’s
correspondence of May 25, 2004. CLF continues to support rigorous and timely review of the Cape Wind
proposal under Scction 10 of the Rivers and Harbors Act and under the National Environmental Policy
Act (NEPA). Please feel free to contact me should you have any questions or wish to discuss this further,

Very truly yours,

Philip Warburg j
President

Cc:  See attached distribution list

¥
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Conservation Law Foundation

Distribution List:

Phil Dascombe

Cape Cod Commission
3225 Main Street
Bamstable, MA 02630

Theresa Flieger

Federal Aviation Administration
12 New England Executive Park
Burlington, MA 01803

Jim Fargo

Federal Energy Regulatory Commission
888 First Street NE

Washington, DC 20426

Timothy Timmerman
Environmental Protection Agency
1 Congress Street, Suite 1100
Boston, MA 02114-2023

Truman Henson

Massachusetts Coastal Zone Management Office
3225 Main Street

Bamstable, MA 02630

Arthur Pugsley

MEPA

100 Cambridge Street, Suite 900
Boston, MA 02114

Karen Kirk Adams

U.S. Army Corps of Engineers
New England District

696 Virginia Road

Concord, MA 01742

Vemon Lang

U.S, Fish and Wildlife Service
70 Commercial Street, Suite 300
Concord, NH 03301-5094

Edward LeBlanc
11.8. Coast Guard
MSO Providence

20 Risho Ave.
Providence, R1 02914

Jack Temill

National Marine Fisheries Service
One Blackburn Drive

Gloucester, MA 01930-2298

Al Benson

Department of Energy

Boston Regional Office

JFK Federal Building Room 675
Boston, MA 02203

Barry Ducker

Minerals Management Service
381 Elden Street

Mail Spot 4010

Hemdon, VA 20170

Brona Simon

Massachusetts Historic Commission
220 Morrissey Boulevard

Boston, MA 02125

Beverly Wright

Wampanoag of Gay Head Aquinnah
20 Black Brook Road

Aquinnah, MA 02535

Maria Burks — Superintendent
Cape Cod National Seashore
National Park Service

99 Marconi Site Road
Wallfleet, MA 02667
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Brian Nickerson

Massachusetts Military Reservation
Building 1203

West Inner Road

Camp Edwards, MA 02542

John Pagini

Conservation Law Foundation

Nantucket Planning & Economic Development

Commission
1 East Chestnut Street
Nantucket, MA 02554

Colonel Michael W. Pratt
New England District Office
696 Virginia Road

Concord, MA 01742-2751

Horst Greczmiel

Associates Direclor for NEPA
Council on Environmental Quality
722 Jackson Place NW
Washington, DC 20503

Susan Nickerson

Executive Director

Alliance to Protect Nantucket Sound
396 Main Street, Suite 2

Hyannis, MA 02601

Martin Walsh

Legislative Assistant

Office of Senator Edward Kennedy
317 Russell Senate Office Building
Washington, DC 20510
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Alliance to Protect
Nantucket ﬁ Sound

396 Main St., Suite 2 Hyannis, MA 02601 508-775-9767
www.saveoursound.org

. June 29, 2004

Lt. Col. Brian A. Green

U.S. Corps of Engineers

New England District

696 Virginia Road

Concord, Massachusetts 01742

Re: June 10, 2004 Letter From Conservation Law Foundation
Dear Colonel Green:

On May 25, 2004, I wrote to you on behalf of the Alliance to Protect Nantucket Sound to
express our support for the position of the Conservation Law Foundation (CLF) that a
programmatic environmental impact statement 1s necessary to review the potential for
developing liquefied natural gas (LNG) facilities throughout New England. As stated in
my letter, the Alliance strongly believes these same principles apply directly to the
review of the Cape Wind project. Mr. Phillip Warburg, President of CLF, wrote to you
on June 10, 2004, clarifying CLF's position. I am writing in response to his letter.

The Alliance strongly supports CLF's position regarding LNG facilities. We commend
CLF for taking this position, and by copy of this letter to the Federal Regulatory Energy
Commission, the Alliance urges the federal agencies involved in LNG facility review to
adopt the CLF position. CLF has established an outstanding reputation over many years
protecting the environment of New England. The Alliance looks forward to many years
of working with CLF to protect the natural resource values of Nantucket Sound and to
develop a comprehensive program for protecting the coastal and ocean areas of
Massachusetts. Ad hoc decision-making on LNG facilities is a threat to the development
of such a program, and we oppose the review of specific project proposals before an
overall program to guide decision-making is created. As explained below, the same
principles also apply to offshore wind.

In the June 10 letter, CLF explains why it holds the Cape Wind project to a different
standard. As stated by Mr. Warburg, CLF's position derives principally from
"Massachusetts’ obligations under the renewable portfolio standard (RPS)." Mr. Warburg
states that “[i]t is well known that New England needs a number of small and medium-
sized renewable energy projects on land and at least one project of the size, scale and
scope of the proposed Cape Wind project in order to meet the RPS and climate change
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goals." Thus, CLF is looking the Cape Wind project from the perspective of the RPS and
alternative energy in New England. Further, CLF appears to have also made the internal
policy determination that the Cape Wind proposal should be viewed only from the
perspective of the need to bring online "at least one" large-scale wind energy project
someplace in New England.

The Alliance takes a broader perspective. We believe that the issues presented by the
Cape Wind proposal transcend the Massachusetts RPS. Indeed, because the Corps must
make a decision on the Cape Wind project based upon the broad "public interest" test,
advancing the Massachusetts RPS cannot be a limiting factor for the federal review.
While CLF is free to base its position on the Cape Wind proposal on the project’s
relationship to the RPS, the Corps must define the scope of its action, and the alternatives
considered, under much broader standards dictated by the overall public interest test.

The serious climate change problem does not, of course, lend itself to resolution on the
local, or even regional, scale. To address this problem successfully, a coordinated effort
is necessary on a widescale basis. Limiting potential solutions to a field as narrow as
achieving the Massachusetts RPS or placing large-scale projects in New England, when
more environmentally acceptable sites are readily available in other locations, is not the
most effective way to proceed to address the global warming problem.

The broader perspective adopted by the Alliance on this issue also is repeated in the
recent report from the U.S. Commission on Ocean Policy. The Commission recommends
the use of a programmatic approach for reviewing offshore wind energy projects and
acknowledges the need to establish new legal authorities that are specifically directed at
this issue. The Commission determined that current law is inadequate for this purpose, a
position the Alliance has taken from the outset of the Corps’ review.

Finally, even under CLF's own definition of the need to meet the Massachusetts RPS, the
approach being used for the Cape Wind project is invalid. The Corps is yielding
improperly to the profit-making objectives of the permit applicant and following an
approach that violates the National Environmental Policy Act by looking only at large-
scale projects within New England. The limitation to New England has no rational basis.
In addition, CLF states that "a number of small and medium size renewable energy
projects” also will be needed to meet the Massachusetts RPS. If helping Massachusetts
achieve its RPS standards is indeed a factor to be considered in the review of the Cape
Wind project proposal, then the permit application review should also take into account
those "small and medium size" projects both on land and offshore. The Corps has failed
to undertake the necessary alternatives review, thereby compromising the environmental
impact statement.
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Thank you for considering these concerns. Please contact me if you have any questions
regarding the Alliance's position.
Very truly yours,

@"%@/ e
Susan Nickerson 14

Executive Director
Alliance to Protect Nantucket Sound

ce: see attached list
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Patrick H. Wood, 111
Federal Energy Regulatory Commission

Phil Dascombe
Cape Cod Commission

Theresa Flieger
Federal Aviation Administration

Jim Fargo
Federal Energy Regulatory Commission

Timothy Timmerman
Environmental Protection Agency

Truman Henson
Massachusetts Coastal Zone Management Office

Arthur Pugsley
MEPA

Karen Kirk Adams
U.S. Army Corps of Engineers

Vernon Lang
U.S. Fish and Wildlife Service

Edward LeBlanc
U.S. Coast Guard

Jack Terrill
National Marine Fisheries Service

Al Benson
Department of Energy

Barry Ducker
Minerals Management Service

Brona Simon
Massachusetts Historic Commission
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Beverly Wright
Wampanoag of Gay Head Aquinnah

Maria Burks — Superintendent
Brian Nickerson
Massachusetts Military Reservation

John Pagini
Nantucket Planning & Economic Development Commission

Colonel Michael W. Pratt
New England District Office

Horst Greczmiel
Associates Director for NEPA

Phillip Warburg
Conservation Law Foundation
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UNITED STATES GOVERNMENT
MEMORANDUM U.S. FISH AND WILDLIFE SERVICE
NEW ENGLAND FIELD OFFICE
70 COMMERCIAL STREET, SUTTE 300
CONCORD, NEW HAMPSHIRE 03301-5087
TO: Karen Adams Regulatory Diﬁsion, NED | December 11, 2002

ey '
FROM: ‘V/ mtmt Supervisor, NEFO

SUBJECT: Cape Wind Alternatives Screening Meeting

As requested at the November 25, 2002 meeting, I have reviewed the materials that were discussed
and/or presented at the alternatives screening meeting including the presentations you emaifed to the
cooperating agencies.

My concerns remain essentially the same as those | expressed verbally at the meeting and in my
November 13, 2002 Memorandum to you. I belicve the alternatives screening process we discussed
on November 25 is fundamentally flawed because as it is curremtly structured, it is essentially a
strawman analysis to justify the applicant’s proposals in Nantucket Sound. On one hand, the Corps
is defining the project purpose to be a commercial scale renewable energy project providing power
to the New England grid. On the other hand, the Corps is defining commercial scale to be within =
20% of the applicant’s 420 mw proposal and/or in the range of 200-1500 mw corresponding to recent
ISO-NE projects. These definitions exclude fossil fuel and nuclear projects and alt other renewable
energy projects except a large scale wind facility or a theoretical tidal project. Working off these
definitions, the applicant’s consultant prepared an assessment of renewsble technologies and
concludes that each of them (solar, tidal, biomass, hydro and wave) except for wind are either
infeasible (tidal); not feasible at a commercial scale (solar, wave); would require construction of
numerous facilities to generate 420 mw and result in significant detrimental environmental impacts
(biomass); or resources not sufficient in New England to provide 420 mw of new generation (hydro).
Consegquently, none of these technologies are carried forward in the EIS for further evaluation.

In the next screening step, the applicant’s consultant prepared a fatal flaw matrix to screen potential
wind energy sites. Some of the criteria are questionable as fatal flaw criteria, For example, 2 wind
power classification of 4 or greater is used on the matrix while in Section 3.3.2.6.3 of the Renewablc
Technology Chapter, it seys that a wind class 3 is needed to produce electricity from wind and that
class 4 is preferred for urility-scale applications. Thus, it would seem that a wind class 3 should be

the fatal flaw criterion, not wind class 4.
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Sufficient excess transmission capacity to transport 200-1 500 mw on the ISO-NE transmission system
and sufficient land or water area to accommodate a 200-1500 mw wind energy project are not
appropriate fatal flaw criteria for renewable energy projects. In my view, thesc are sclf-serving oriteria
designed to eliminate small- and medium-sized renewable energy projects from the list of reasongble
alternatives. Once again, the fatal flaw criteria are contradicted by the Rencwable Technology
Chapter Section 3.3.2.6,2 where it states that wind installations range in size from 0.7-112.5 mw.
This contradiction is further supported by the size of cxisting and proposed wind projects in the NE-
NY area with the largest being in the 100 mw range exclusive of Cape Wind. In Vermont, recent
proposals include projects with 5 (Little Equinox Mountain), 10 (East Haven Radar Base), 27 (Magic
Mountain), and 30 turbines (Lowell Mountain), Recent proposals in upstate New York range in size
from 11.5 mw (Madison County) to 100 mw (Lewis County). The Brodic Mountain Project in
Massachusetts is, I believe, in the 13.5 mw range. Of course, you are aware of the 1- and 2-turbine
projects in Hull and Princeton.

As | stated in my November 15 Memorandum and ar the meeting, what constitutes a commercial-
scale facility should be determined by the type of technology involved. A commercial-scale methane
recapture project and other renewables, including those evaluated in the Renewable Technology
Chapter, are at or below 1 mw in size, The transmission capacity to serve these commercial-scale
facilities should be sized accordingly.

Under engineering and design limitations, I believe greater discussion is needed on the significant
wave height criterion of <18 feer. As I recall, the Arklow Bank, Ireland, and an offshore facility in
England are in unprotected ocean waters, and may be subject to wave heights >18 feet. I believe
other unprotected open ocean sites are being developed off Denmark and Germany. Since much of
this wind technology is of European design, it would be appropriate to understand the wave
conditions they are designing projectsto withstand. The Corps should independently verify the design
limits of this technology in offshore environments,

1 believe the AC transmission line criterion needs to be looked at more closely. As I recall at the
meeting, the applicant used a 25-mile limit as measured from the Jand/ocean interface to the offshore
facility as the maximum distance that an undersea AC cable could be operated feasibly. As I recall
from the Winergy pre-application meeting, the shoal arcas southeast of Nantucket Island are in the
range of 7-15 miles offshore. This distance is well within the 25-mile criterion for Nantucket Island
and perhaps as a direct cable connection to the Cape. In addition, as discussed at the meeting, either
a buried or aerial cable could be used to cross Nantucket with a cable connecting the Island to the
Cape. This would also seem to keep the AC cables under the 25-mile criterion, The last issue here
deals with the dismissal of the DC transmission cable. I believe the Corps needs to independently
verify the availability or lack thersof of underwater DC transmission cable technology for offshore
energy facilities. -
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Renewable Technologies Chapter, Draft 2

As a general comment on this chapter, I detect a tendency to focus on the negarive aspects of the
renewable tcchnologxcs except for wind power, I believe 2 more balanced discussion is needed to
enable reviewers to understand the technology, where the technology is applicable, the capabilities
of the technology, and the environmental benefits and i impacts associated with its use. The end result
should be to identify which of these energy technologies are reasonable alternative renewable energy
technologies in the New England Region that require further evaluation in the Cape Wind EIS.

As ] discussed at the meeting and in the screening section above, I do not believe these alternarive
technologies should be evaluated against the 420 mw = proposal advocated by the applicant. To do
50 only makes a strawman analysis out of the alternatives analysis and invites criticism.

The applicant should confine the alternatives analysis to the New England geographical area for al}
technologies. The hydro analysis leaped into Northern Quebec and a discussion on impacts to native
people. If the geographic range is expanded for one alternative, it should be expanded for all.

Specific Comments on Technology

Tidal - In Section 3.3.2.2.3, a statement is made that there are no viable sites in New England. In the
late 1970s, the New England Division was conducting a feasibility study of tidal power in Cobscook
Bay, Eastport, Maine. The paragraph should be modified to be conststent with the second paragraph
in this Section.

In addition to traditional tidal power projects, a new generation of tidal-powered turbines is under
development. At least one in Maine and one in Massachusetts have been proposed/installed using a
helical turbine design. These are also known as the Gorlov helical turbine.

Biomass - It was not clear whether the applicant was including methane recapture project.s at landfills
and methane generation projects using manure under the broad category of biomass projects. These
technologies should be evaluated since we have these projects in New England.

I believe the Corps needs to mdependently verify whether biomass gasification and/or combined cycle
technology for any biomass fuel is commercially available. This could have a bearing on the
acceptability of some of this technology from an air quality perspective.

Questions may be directed to me at 603-223-2541 or email vernon_lang@fws.gov.



December 19, 2002

Ms. Karen Kirk Adams

U.S. Army Corps of Engineers
New England Division

696 Virginia Road

Concord, MA 01742-2751

RE: Comments on Alternatives/Screening criteria & Visual Assessment

Dear Ms Adams:

This letter is intended to supplement our comments of December 9, 2002 on the draft
screening criteria and alternative sites proposed for the Cape Wind Project. These
additional comments are generated in response to information presented at the latest
Massachusetts Technology Collaborative (MTC) Stakeholders meeting held on

December 12, 2002.

Visual Impact Assessments _
We hope that the Corps is intending to embark on a full visual impact assessment that

goes beyond the photo-simulations presented to date and includes a study similar to the 8-
step process outlined in the presentation given on behalf of Dr. R.C. Smardon at the
December 12, 2002 MTC meeting. Dr Smardon’s framework for analysis uses photo-
simulations in conjunction with a number of other factors, including coastal
characteristics and viewer sensitivity, to establish the visual impacts of a project. This
methodology is appropriate in the context of the review of this project.

Regarding the photosimulations themselves, we believe that the Corps should establish
set times for the photographs to be taken for each location, to allow a consistent
comparison between sites. For instance, the visual simulations presented at the MTC
Stakeholders meeting on December 12, 2002, showed similarities between the
simulations of the proponents and opponents in terms of the turbines size and scale.
However, although the photographs were taken in the same general location, differences
in the time of day, season and elevation of the photographs accounted for a marked
difference in the apparent visibility of the project. It would therefore seem appropriate to
establish set times of day for a series of photographs to be taken for each location (e.g
photos every 4 hours). This would show the project in a range of lighting conditions (i.e.



front lit and back lit) and environmental conditions (i.e. diffused light, bright sun etc.)
and would meet the purpose of NEPA in providing objective information for decision-
makers. The Corps should also require that photo-simulations account for changes in
season, when the angle of the sun may affect the visibility of the towers.

Perhaps more importantly, the photo-simulations currently presented are limited in that
they present a static view of a moving project. This is problematic given the lack of
comparable projects that illustrate what 170 moving objects in the marine environment
will look like. The Commission staff would suggest that an animated visual assessment
would provide a clearer picture of the eventual appearance of such a facility. For
example, an animation was prepared for the Middelgrunden wind farm in Denmark that
places a moving, simulated turbine into a static photograph. [Two animated simulations
can be downloaded and viewed at
http://www.middelgrunden.dk/MG_UK/project_info/visualization htm). Similar
animations could be employed in a limited number of locations to help inform
participants in the process and also used to compare the different visual impacts of
alternative turbine configurations.

Alternatives & screening criteria

Our letter dated December 6, 2002, we recommended that the Corps include alternative
turbine configurations as part of the DEIS in accordance with the NEPA guidelines
contained in 33 CFR Part 325, Appendix B, Section 9(b), 5(c). This seems particularly
relevant in light of the information provided on the Middelgrunden wind farm at the
MTC meeting. The Middelgrunden turbines are spaced 183 meters (600 feet) apart,
considerably closer than the half to one third mile (2,638 — 1,758 feet) separation of the
Cape Wind turbines. Although the spacing of the Cape Wind turbines is partly to allow
the use of the interstitial area by boats, it would be valuable for the DEIS to consider
what a tighter arrangement of turbines would look like. Presumably, an arrangement of
turbines of the same capacity as Cape Winds project where the spacing is minimized
would result in the wind farm occupying a far smaller area and present a much reduced
visual impact. Conversely, tighter spacing between turbines might also allow far greater
numbers of turbines to occupy the same area as Cape Wind’s current proposal, and
presumably provide significantly larger amounts of electricity than the current 420 MW
capacity. Although these options may not be preferable for the applicant, they would
allow the relative merits of the applicants project and each alternative to be gauged, in
accordance with the requirements of NEPA.

Earlier drafis of the preliminary alternative sites had listed more urban areas as sites for
consideration, particularly the offshore areas in the vicinity of Boston Harbor and New
Bedford. Our recollection is that these were dismissed as they may be hazardous to
navigation, However, the video presentation of the Middelgrunden project clearly showed
large vessels sailing very close to the turbines. The commentary noted that there was little
concern about collision as the shallow water in the vicinity meant that ships would run
aground before hitting the turbines. Presumably, this same rationale could be applied to
offshore locations in and around Boston and New Bedford, and therefore we believe that
these alternative sites should remain on the preliminary list for the DEIS.



Finally, we would refer to the presentation given by Mr. Bruce Bailey describing the
Long Island Power Authority’s alternatives study, that used a commercially viable
capacity of I00MW as their preliminary screening criteria. This size is in sharp contrast
to the current 200 to 1,500 MW capacity of the preliminary screening criteria used for the
DEIS on Cape Wind’s project. Mr. Bailey’s presentation reinforced our belief that the
capacity range needs to be tailored to renewable energy generators rather than the range
typical of connections to the ISO-New England grid to date. This point is discussed more
fully in our December 9, 2002 letter.

I hope that these additional comments are helpful to the Corps as you develop the DEIS,
thank you again for the opportunity to comment.

Sincerely,

Margo Fenn,
Executive Director,
Cape Cod Commission

cc: Cape Cod Commission Subcommittee Members (Aitchison, Ansel, Broidrick, Deane,
Kadar, Taylor, Virgilio)
Craig Olmstead, Vice President — Project Development, Energy Management, Inc, 75
Arlington Street, Suite 704, Boston, MA 02116.
Charlic Natalie, ESS Inc., 888 Worcester Street, Suite 240, Wellesley, MA 02482
Arthur Pugsley, EOEA - MEPA Unit, 251 Causeway Street, Suite 900, Boston, MA
02114
Jane Mead, Massachusetts Coastal Zone Management, 251 Causeway Street, Suite 900,
Boston, MA 02114
Vernon Lang, US Fish and Wildlife, 70 Commercial Street, Suite 300, Concord, NH
03301
Timothy Timmermann; EPA-New England, Region 1, 1 Congress Street Suite 1100,
Boston, MA 02114-2023
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Ms. Karen Adams

U.S. Army Corps of Engineers
New England Division

696 Virginia Road
Concord, MA 01742-2751

RE: EIS Alternatives
Dear Ms Adams:

Thank vou for the opportunity 10 participate in the inter-agency meeting at your offices
on September 24, 2003 to discuss the ahernatives and screening criteria for the Cape
Wind Environmental Impact Statement (EIS). The following comments are those of the
Commission staff as the Commission subcommittee has not reviewed the materials
distribuied at the September 24™ meeting reparding the Corps approach to the EIS
alternatives analysis, and in repard to the draft Peer Review comments and EIS
appendices. The Commission staff continues to look forward to assisting the Corps in
developing a thorough and objective EIS for this project.

ecting NOIg
We have received the drafi notes of the September 24, 2003 meeting and in general
believe they reflect the gist of much of the discussion. At the meeting, agencies
represented were asked to comiment on whether the sites under consideration were
appropriate or could be excluded from further analysis. Commission staff at the meeting
felt uncomfortable with commenting on many of these sites, particularly as the exact
locus was undefined and that the participants had no opportunity to conduct their own
assessment of the constraints for each site. There was also some disagreement on whether
some of the identified constraints were accurate. For example, some guestioned whether
navigation issues for shipping at New Bedford would eliminate that site from
consideration. Speaking for the Commission staff only, the fact that few comments were
offered for individual sites a1 the meeting was more a reflection of a lack of information
than a signal of agreement. Therefore, we would suggest that where it is indicated that
there was a consensus or agreement, it should be clear that there was only partial
agreement among the participants.

Alternative Sites/Flexible application of Screening Criteri

The Commission staff support the Corps recent more flexible application of the screening
criteria for the alternatives analysis portion of the DEIS, rather than the pass/fail
application previously proposed. In addition, we believe that the analysis of



represeniative aliernatives has ment for such a complex project and that as a broad
concept, this approach is worth pursuing. In principal at least, this approach would seem
10 aliow for a broader range of alternatives (and their relative impacts) 10 be cvaluated in
the DEIS. However, Commission siaff have some concerns oyer the sieps taken to amrive
a1 the representative sites.

We are concerned that the list of aliernatives has not been developed by any methodical
analysis of viable wind sites in New England. Instead, the sites under consideration have
been accumulated via sugpestions made at meetings based on independent knowledge.
While this has cenainly identified potential sites, the methodology could be open to
criticism in that it does not objectively ook at the region as a whole. We recognize the
difficulty in evaluating a large, geographical area such as New Enpland, however, it
seems that such an exercise s vital in order for the EIS Alternative Analysis to be
supportable. An approach that would potentially address this concern was suggested by
the Peer Review group: *“What would be heipful would be some analysis showing areas
in New England with the required wind speed, the amount of land required, and the cost
of rransmission upgrades needed for grid access.” This would clearly provide an
objective base for the start of the analysis, from which the screening criteria could be
applied.

Additional Suggestions

We are encouraged by the consideration of multiple sites as an altemative 10 a single,
large facility. We strongly believe that distributed facilities have many benefits, not the
least of which is the potential for easier integration into the transmission system and
potentially lesser environmental impacts. However, as we have commented in earlier
correspondence, we don’t believe that close geographical proximity is necessarily an
appropriate facior when considering multiple sites, although it may affect the econemic
return on the project. Therefore, we would suggest that this constraint be reconsidered.

Based on the discussions at the September 24® meeting and the meeting we attended in
Boston on September 29 and 30 sponsored by the Dept of Energy, it seems thata
potential combination of sites worth considering would be & combination of Boston
Harbor and New Bedford. The National Park Service has already begun a process of
evaluating wind turbines in the Boston Harbor Islands Recreation Area and the Town of
Hull is considering placing additional turbines offshore in the vicinity. It alse appeared
from the US Coast Guard that there would be room for turbines outside the navigational
channels of New Bedford. This combination of smaller deployments would provide &
more urban setting for offshore facilities and may in combination reach the lower end of
the range of facilities.

Furthermore, as we have suggested in prior correspondence, we believe the following
alternatives should also be considered: ‘
*  Smaller facilities (i.e. fewer turbines) at Horseshoe Shoals
+ Alternative design configurations that may have less visual impact. For
instance, the Middlegrunden facility was redesigned to be more visually
pleasing. It would be useful to have an analysis of different sized turbines,
particularly in locations closest to shore, that would potentially have less
visual impact and keep the capacity within the range under consideration.



*  An analysis of whether choosing the largest machines available makes the
most efficient use of the wind resource, a1 least as weighed against the
watershee1 area occupied, prevailing versus average wind conditions, turbine
spacing, rotor diameter and visual impacts. For example, could a smaller
turbine or rotor that operates at Jower wind speeds produce sufficiem energy
to make a project viable and have less visnal impacts and occupy less area of
the Sound? Cape Wind is proposing to use the largest turbine currently
available 1o maximize return on investrnent. The EIS should provide an
assessment of whether this approach is in the public interest.

Peer Review Summary

With reference to the Drafi EIS conclusions on alternatives, the Peer Review Summary
notes that *“there are many cases where the logic used 10 reach these conclusions is either
flawed or is stretching reality” and that it “has the appearance of being written by
advocates for the project rather than the USACE". The aim of the EIS is to provide
unbiased and objective information, and as such, even the appearance of a conflict or
subjectivity can severely undermine the integrity of the process. It is currently unclear to
what extent the Peer Reviewers comments will be embraced, but our hope is that the
Corps is able to remedy the situation by presenting a balanced view of the complex
information available.

This comment could also be made in relation to the application of the screening criteria,
and the Commission staff would suggest that the Corps make every cffort to consistently
apply the selected critena. For instance, navigational issues and proximity to shipping
lanes and flight paths are raised as constraints for a number of offshore sites, although
they are not listed under the screening criteria and no description of what constitutes a
conflict is included. In contrast, Table 3-6 which deals with the three Nantucket Sound
sites, repeatedly references “minimal conflicts” with shipping and aviation for those sites,
but provides no discussion of what constitutes a minimal conflict. At face value, it seems
that this criterion has not been evenly applied and it would therefore be appropriate to
expand on how the criteria are applied and the parameters of each.

As a number of independent sources have confirmed, including the Peer Reviewers, the
relevance of these criteria depends on many factors. By some estimates an offshore
project could be viable with as little as 100MW (or less) capacity. As the Commission
pointed out in our December 19, 2003 lener, this figure is in sharp contrast 1o Cape
Wind’s capacity and the range of projects under consideration in the EIS (200MW-
1,500MW). It is perhaps more appropriate for the range of facilities under consideration
1o be based on what is economically feasible for renewable facilities, rather than what has
historically been connected to 1ISO-New England’s grid. We have continually commented
that the range currently being used is inappropriate to the project purpose and nced. This
concern seems 10 be shared by the Peer Reviewers who felt “that there are “utility scale”
wind projects less than 200MW™ and that “Many wind power plants with capacities
under J0OMW are installed in the US”. We strongly recommend that the Corps
reconsider whether this range is appropriate. '

The size of the project has a direct bearing on the application of a number of the
screening criteria, most notably the transmission surplus and land/watersheet area needed.
At the September 24™ meeting, many sites were shown to have insufficient capacity or



available area 10 accommodate the range established (200-1,500 MW). However, this
analysis would be different if a smaller area was needed and if a smaller surplus in the
transmission capacity was applied. As mentioned in the Peer Review Summary, there are
also some rules of thumb applied 10 this analysis (particularly regarding turbine spacing,
rotor diameter and available area) that may be flawed which would further affect the
viability of aliernative sites. Therefore it seems that elimination of some sites at this siage
may be premature, given the comments made by the Peer Review group.

A common thread that runs throughout the Peer Review summary refers 1o the economic
considerations in developing this kind of project. These factors have a direct bearing on
the applicability of the screening criteria. For instance, the economic viability of a project
is as much related 10 the financier’s return on investment, as it 1s 10 wind speed, water
depth, land/water area and distance from shore, eic. Therefore, the EIS should also
include a broad and generalized economic feasibility analysis for an offshore wind farm
that is not specific 10 Cape Wind 10 provide an insight into these issues. This should
include a detailed discussion of how the price paid for energy and “green attributes™
afiect the economic viability of a project and how wind resource relates 10 this analysis.

The Peer Review suminary also raises a significant issue related 1o the long-term viability
of the project and that should the project fail, it would be “the worst possibie
environmental outcome.” 1t seems that this would also be the worst possible outcome for
the emerging offshore wind energy industry, renewable energy advocates in general and
for the users and neighbors of Nantucket Sound. This concem is shared by many and
should be addressed in the EIS for this experimental technology. A “failed, bankrupt
project” at the Jocation selected by Cape Wind is likely 1o set renewable wind energy
development back for decades and thus it is imperative tha1 provision be made 10 address
this issue. For instance, a phased installation would provide some degree of testing for the
technology and would be consistent with the precautionary approach to emerging
technologies. Similarly, although bonding for removal/decommissioning is wraditionally e
mechanism for dealing with abandoned facilities, it seems unlikely that Cape Wind
would be willing to provide a bond sufficient 10 ensure complete site restoration.

We hope that the Corps will give careful consideration to the comments made by the Peer
Review group as the Drafl EIS is prepared, thank you for the opportunity to comment.

Sincerely,

cc:  Cape Cod Commission Subcommittee Members (Aitchison, Ansel, Broidrick,
Kadar, Taylor, Virgilio)
Leonard Fagan, Cape Wind Associates, LLC, 75 Arlington Street, Suite 704,
Boston, MA 02116.
Charlie Natalie, ESS Inc., 888 Worcester Street, Suite 240, Wellesley, MA 02482



Arthur Pugsley. EOEA - MEPA Uniy, 25) Causeway Street, Suite 900, Boston,
MA 02114

Jane Mead, Massachusetts Coastal Zone Management, 251 Causeway Street,
Suite 900, Boston, MA 02114

Vernon Lang, US Fish and Wildlife, 70 Commercial Street, Suite 300, Concord,
NH 0330]

Tim Timmerman, EPA-New England, Region 1, 1 Congress Sweet, Suite 1100,
Boston, MA 02114-2023
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EXCLUSIVE REPORTS

From the October 22, 2004 print edition

New Mass. wind plans aloft

As controversy swirls over Cape Wind, some look beyond horizon
Alexander Soule
Journal Sta#

As the Army Corps of Engineers finalizes a massive environmental report on wind-power turbines off
Nantucket, Massachusetts policymakers are crank-starting a plan to site turbines in the deeper reaches of the
Atlantic Ocean.

Last week, the nascent Offshore Wind Energy Consortium hired a Washington, D.C -based consulting firm
called Resolve Inc. to produce a feasibility study by January.

The project currently has a budget of $700,000 underwritten by General Electric Co., the Massachusetts
Technology Collaborative and the U.S. Department of Energy.

The Offshore Wind Energy Consortium (OWEC) is initially considering the use of either floating platforms
anchored to the ocean floor or, more likely, stilts set in up to 100 feet of water. But other possibilities could

emerge as well.

Near-shore projects, such as the one promoted by Cape Wind Associates off Nantucket, have been limited to
shallower waters with depths of up to 50 feet.

"Is this goal reasonable and realistic? We (want to) get the people to the table who will ask the thorniest
questions,” said Greg Watson, an MTC official who is spearheading OWEC. "The feedback we have gotten is

right on -- this is doable, and it is something we should do."

But it could take until the end of the decade to pull it off, he said, as the consortium faces an array of
engineering, environmental, climatic, regulatory and financial challenges.

Niskayuna, N.Y.-based GE Global Research originally approached MTC about the project 18 months ago. In
January, 13 organizations attended an informational meeting in Boston. In August, MTC issued invitations for

consulting firms to bid on the project.

OWEC's general goal is to produce plentiful supplies of electricity at 5 cents per kilowatt hour or less -- a price
that would put it on a competitive stance with natural gas, but still about 2 cents per kilowatt hour more

expensive than traditionally generated power.

But the organization also envisions building a cluster of Massachusetts businesses supporting wind farms
across the globe. They might manufacture turbines, cabling, sensors and towers. Or they might mlpd the wind
farms themselves, performing ocean surveying, construction, maintenance and ecological monitoring.

In a 67-page report issued last week, Washington, D.C.-based policy think tank Renewable Energy Policy

http://boston. bizjournals.com/boston/stories/2004/10/25/storyl html?t=printable 11/30/2004
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Project said some 90 companies in 25 states currently manufacture components of wind turbine systems. While
the wind power industry could create more than 3,000 new jobs in Massachusetts, REPP estimated,
Massachusetts only barely cracked the top 20 among states nationally, trailing far behind California, Ohio and
Texas.

Somerville-based Second Wind Inc., which produces sensors for use in wind farms and employs 25 people, was
the only Massachusetts company listed by REPP with expertise in the sector. Northern Power Systems Inc. in
Waitesville, Vt., produces wind turbines, and a pair of Rhode Island companies make rotor blades and turbine
housings.

The report may have missed at least one other player: A system from Westborough-based American
Superconductor Inc. is used in Scotland's Orkney Islands to deal with power fluctuations produced by wind
farms off the coast there.

The limited commercial manpower did not deter GE Global Research from exploring the feasibility of a wind
farm off the Massachusetts coast, Watson said. The state has a Renewable Energy Trust Fund to help support
the project, and GE recognized that policymakers here are getting their regulatory sea legs as the Nantucket
wind farm proposal, being promoted by Boston-based Cape Wind Associates, goes through its contortions.

GE was also drawn by the presence in Massachusetts of other organizations with experience in wind power
research. The Massachusetts Institute of Technology, the University of Massachusetts and Woods Hole
Oceanographic Institute are earmarked to receive research funding from OWEC.

Europe is far ahead of the United States in wind power companies, Watson said. But he said Europe's
topography, with abundant shoals that stretch far out of sight of land, has not encouraged the development of
deep-water power generation techniques.

"What we have discovered as a result of the permitting process around Cape Wind is there are not that many
shallow water sites that are developable," Watson said. At 50 feet, "that pushes the limit of these things -- as the
waves bash against towers, there is a constant shaking and vibration. We can make (towers) sturdier, but that
adds to the cost. Deep water (wind power generation) will not be about taking on-shore technology, sealing it
up, and moving it off-shore. It will mean developing whole new technologies.”

Denmark, the only other country to undergo the 1973 Arab oil embargo, leads the European wind power
industry today with some 20,000 workers, said James Gordon, president of Cape Wind.

Gordon termed OWEC's timeline "pretty optimistic" for producing deep-water wind power by the end of the
decade and said that Cape Wind must succeed in order to provide a training laboratory for future U.S. wind
power engineers and executives.

"We think we can make Massachusetts a worldwide leader in wind power generation,” Gordon said. "But how
the heck (is OWEC) going to be able to do that without the experience we would bring?"

Alexander Soule can be reached at asoule@bizjournals.com.
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EDITORIAL

During the winter 2000-2001 an
offshore wind farm, consisting ol
20 units of Bonus 2 MW wind
wrhinces, was constructed on  the
Middelgnunden near Copenhagen.

This project is 4 large step forward
for Bonus. The Middelgrunden project
is not only the first Danish, but also the
world's first large scale offshore wind
farme. [t is also the first offshore wind
farm utilizing a wind turbine of a type
expected to be dominant for large oft-
shore projects in the ncar future.
Addinonally, it is also Demmark's
largest wind farm, both on tand and at
sea.

The future goal of the Danish
government is to cover up to 50 % of
the Danish electricity supply by off-
shore wind turbines. The Middel-
grunden project is the first step in this
dircction. As soon as the contract for
future delivery of wind rurbines was
signed in December 1999, we there-
fore decided that the construction of
the project would be closely followed.
so that the story of the Middelgrunden
offshore could be written. This news-
letter is the result.

Previously a series of articles on
the general construction and operation
of a modern wind turbine have been
published in different issues of our
newsletter Bonus-Info. Following se-
veral requests, these series have been
re-issucd as one special edition, which
may be obtanned on request from the
Bonus scrviee department. We  will
therefore refram froin deseribing wind
turbine 1echnical details in this issue,
and primarily concentrate on the
project’s infrastructure and construc-
tional operations.

We hope that this newsletter will
give our customers and business
associates an impression of the cffort
and cooperation necessary to build
a new and epoch-making projeet like
the Middelgrunden,
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M eanmen sl e

During the past 20 years, wind-
turbines have become an intepraled
and everyday sight in the Danish land-
scape, and wind turbines have now
started to operate offshere.

The world's first oltshore wind turbine
farme with 11 umis of 450 kW wind
wurbines was erected at Vindeby near the
istand of Lolland, in 1991 by Bonus
Encrgy A/S, Denniark.

In the fuure, many offshore wind
wrbines will follow. Danish public
energy planning foresees that an off
shore wind trbine capacity of app.
4.000 MW will be installed.

As pant of this process  the
Middelgrunden offshore wind farmn was
commissioned on the 6 of May 2001,
Twenty Bonus 2 MW wind turbines was
installed on the Middelprunden, a shal-
fow reef out in the Oresund, the belt
between Sweden and Denmark. At the
time of writing, this was the largest ofl-
shore wind turbine project in the world.

There is between 1.7 and 3.5 kilo-
metres from the wind farm to the
nearest quay in Copenhagen Harbour,
thus giving paod possibilities for
the wind to hlow unobstructed in
all directions and ensuring a good
cnergy production calculated 1o be
app. 85.000 MWh per. year. This covers
3% of Copenhagen's annual cneipy

comsumprion, or the annual electricity
consumption of the 32.({{) apartinents
in the nearest Copenhagen suburh of
Christianshavn.

INITIATIVE GROUP

The project was initiated in 1996 by the
group bchind another Copenhagen
wind turbine cooperative, Lynetten
Vindkraft I/S, and the Kebenhavns
Lnergi og Miljekontor, a local NGO,

Later that same year Kobenhavns
Energi, the municipal clectricity utility,
joined the project. Contact was cstab-
lished with authorities and organiza-
tions having a special interest in the
Middlcgrunden.

From 1997 1o 1998, the Middcl-
arunden project was subject to a legally
required public-hearing  phase. In
addition to the funds provided by the
clectrical generating companies, @ grant
of DKK 5.1 million was provided by
the Danish Energy Agency for prelimi-
nary investigations.

A building permit was received
in 1999, and following a round of ten-
ders, contracts were signed with the
chosen contractors in January 2000 al
the Copenhagen Town 1all,

OWNERS
The legal owners and those responsible
for issuing the tender documents are the

Middelgrund Wind Turbine Coopera-
tive and Kebenhavns Energi, who cach
owrl 10 wind turbines.

The 40.000 shares of the cooperative
arc mainly sold in small porions to
a broad section of the Copenhagen
public.

The clectricily  penerating urility
campany SEAS, having a tong wind
power tradiion, has been  manag-
ing the project in the constructional
phase,

COOPERATION

The cooperation between the (wo
owners is a continuation of a previous
cooperation in connection with the
wind turbine projects at Avedore Holme
and Lynetten.

The cooperative's intention with
the project is to give the residents
of Copenhagen the possibility of
pariicipating in a local and ecologi-
cal cnergy supply system. The inten-
tions of the utilities are to patier
useful experience, while genersting
energy for the pgrowing needs of
Copenhagen.

The following pages describe
the different aspects of the project
and the work processes during the
various constructional phases. Likewise
the environmental constderations are
presented.
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 FOUNDATION
PREPARATION

A corasiructian weisel ploces cruvhed close

Lintil the middle of the 198(hes, large
amounts of dredged harbour sludge
and building rubble have been dumped
in the Middelgrunden.

1o b

The exact extent of the possible
environmental damage resulting from
this dumping activity is only partly
known.

SONAR MEASUREMENTS

During preliminary investigations.
sonar measurements are made. Sound
waves are transmilted from 2 ship
down to the seabed and reflected back
0 A sensiive measuring cquipment on
the ship, thereby mapping the scabed
and giving warnings of possible
abstructions.

SAMPLING

During the autumn of (999, site-
speeific testing follows these sonar
measurements.  Direetly  above the
proposed site for cach foundation, =
so-called scafloor g vibrates rods
down into the scabed. The tip of cach
rod 1s fitted with a probe measuoring the
pressure, alse enabling it to determine
the condition of the scabed at various
depths. As the dumped sludge is rathes
soft, the marn purpase with these tests
is o determine the future profile shape
of the trench that must be excavated in
order to reach a solid ground for the
foundation to rest upon.

THE CONSTRUCTION FLEET
During Aupgust and Scplember 2000,
most of the preparatory cxcavaton
was carricd ouwt by a fleet of 7-%
construction vessels, floating hydraulic
excavators, cquipped with  "legs”
stuck down into the seabead keeping
them stable during operations.

NAVIGATION CHANNELS
Next, navigation channels cnabling al!
future ransport to the  turbines arc
being  excavated.

The wind  turbines ar¢ placed in
a shallow north-south arc on the
castern end of the Middelgrunden.

r u

=
-

* ~ HOLLENDERDYBET

e

Pian Jor excavations




The water depth is rather low, only
app. 3-5 metres due to the large
amounts ot dumped sludge from here
towards Copenhagen. The passage to
the wind turbine navigation channels
must therefore go nonth of  the
northernmost wind turbines. Wind
turbine navigation channels are  thus
all approached (rom the Hollznder-
dybet, a navigation chanoel for large
comntercial ships.

EXCAVATION

[t is almost impossible 1o prevent
spilling a portion of the dumped sludge
and mud, thereby releasing it to the
local environnwent.

[nvestigations have shown  that
some of the dumped matenial is poltut-
ed. Theretore no excavated material is
brought to the surface or deposited
onshore, which would have resalted in
an cven larger disturbance in the water
and thereby an cven larger spillage.

Carcful operation prevents spillage
from excecding 5%, which is accept-
able duc 10 rapid dissolving by the
local water current.

Fotlowing clearance of the navi-
gation channels, the same technology
is uwsed to scrape and remove the
studge from the foundation sites.

Subsequently, another 1-3 metres of

seabed is further excavated until the
required excavated profile of app. 6-8
metres below the surfuce bhas been
obtained.

DIVER INSPECTION.

The above task is finalized by a
diver anspection and a series ol so-
called "wing-tests”. A drill fitted with a
bored

wing s into  the  scabed.

Excavanon profife

Tuming the dridl indicates the strength
of the resistance and whether the
seabed i% solid and hard enough.

AIRLIFT CLEANING

3y means of an aiclift pump, the exca-
vated profite 15 cleaned for small
deposits not removed during the exca-
vation process. Air is forced down to
the scabed in special tubes, and the air
then rises  transporting the remaining
sludge and debris to the surface.

CUSHION LAYER

The foundation arca is now ready for
the divers to ins1all a levelling machine
for crushed stone. It is a steel girder
cquipped with water jets running on
steel rails.

A load of crushed stone 15 placed
between the rails, A diver operated
hydraulic winch drags the girder along
the rails using the water jets to further
move the pile of crushed stones,
enabling the construction of a 0.5
metre cushion layer.

Following removal of the levelling
machine, the cushion laver edge is
ajusted by the diving team, and
another quality control tnspection is
made. To prevent erosion, a hibre fabrc
15 laid aver the cushion layer.

VIBRATION.

A 2 x 2 metrehydraulic plate vibrator,
lowered and operated from a construc-
tion vessel, finally vibrates the cushion
layer.

Vibration consolidates the crushed
stones, ensuring that the cushion layer
remain stabile, when operational vibra-
tions from the wind turbine are trans-
mitted down into the foundation.

Crusded sione
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THE FOUNDATION

The foundations uf the 20 wind
turhines on the Middelgrunden site
are based on new ctlculation methods.

GRAVITATIONAL FOUNDATION
Carl Bro A/S made the foundation
design,  and  describes  itoas 4
gravitalional foundation, i.e. the total
weight of the foundation and the
wind turbine gives the necessary
stability.

The individual foundauion height
and weight varies shghtly according
to the depth of the diffcrent
sttes. The average onshore weight
of a foundation for the Middelgrun-
den is app. 2.000 tonnes. When sub-
merged, the water adds lift, and
the weight 1s reduced to app. [.504
tonmnes.

COMPOSITE CONSTRUCTION
The engincers from Carl Bro A/S refer
to the foundation as “a purc sieel

el Ty
1w

i
1]
L}

i
]

construction enclosed by reinforeed

congrete™.

Specialists call such a design,
composed of different materials, a
composite construetion,

The different qualities of the
malterials make such a construction
difficult o calculate, as the physical
propertics of the materials can differ by
a factor of up to 10 ¢c.g in their expan-
sibility and elasticity.

NEW CALCULATION METHOD
Although calculations of concrete and
steel comiposite constructions can he
ditficult, they arc all pan of normal
cnginecring practice.

However, normal practice is not
quite suflicient when the foundation is
out In the sea supporing a 60 meter
high steel tower with a set of rorating
wind turbine blades of 76 meters in
diameter.

A new approach to coustruction

EVC TR 10 CAmAS

T ERART R

caleulation was necessary lor Carl
Bro A/S. In addition to considering the
difterent vamable farces from waves
and ice masses, they had o take
into consideration the wind turbine
industry’s rather different view on
loads.

Putting all these differcnt loads
together, under the worst possible
circumnstances, resuhted in a 25-309
increase in the size of the foundations
and an unaeceptable cost for the project
holders,

In dialog with the centification
agency, Det Norske Veritas DNV, a
new calculation model was developed,
based on the statistical possibilities for
cambinations of the different loads.

The work on the foundations to the
Middelprunden wind farm has given an
important contribution to the new load
standards for offshore wind turbines,
published by the Danish Inergy
Agency in March 2001.
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20 Conteuction of wind tertiag foundatoa in the REW dry dock

The foundatious for the wind turbines
were made in the dry dock in the
former Burmeister & Wain shipyard
at Refshaleaen,

REFSHALEGEN

The passage into Copenhagen Harhour
ltes  between  the Langeline  and
Refshalesen, a man made peninsula of
great significance for many people in
Copenhagen, In 1843, the famous
Burmeister & Wain Skibsveerit puor-
chased Refshaleoen. 1000 ships were
buift, until the yard was shut down in
1996.

As far back as the 197thes, over 3.000
workers  from  Copenhagen
employed here.

Visiting Refshaleaen today, the
whole arca is marked by the presence
of a fonmer shipyard. Many of the
large, old buildings look dilapidated
and abandoned, while clsewhere there
arc signs of new small industries, Piles
of old and new rachine components
and sectiony of construction machinery
lie everywhere.

Following a short scecurity control
at the main entrance, we turn right

were

and drive east catching sight of

rotating wind turbine blades. indicating
that alrcady some years agoe, wind
power took a foothold in the area,
In 1996, seven Honus 600 kKW
wind turbines  were installed on the
quay at the Lynctten sewapge plant
on the north-castern part ot Retshale-
aen.

THE B&W DRY DOCK

We have been instructed to tum right
driving cast towards "Sibena”, so
named by the former shipyard workers,
as the arca was situated far from the
rest of the vard's other buildings. Also,
it was windy and cold, even during the
summertime.

Here lies the old B&W dry dock,
a large, long and deep hole in
an otherwise flat landscape. At onc
end, facing the belt of @resund,
a dock-gate opens cnabling water
1o fill the bassin. When the gate s
shut, the dock can be emtied once
again.

Large sections of  ships
assembled and fitied-out in  the
dry dock. llowever, since the last
ship left the dock, it has remained
inactive.

In 2000, the construction compa-
wics of Monberg & Thorsen and
Pl & Sen formed a syndicate, for
the construction and transport of
the foundations for the Middelgrun-
den wind farm. The dry dock had
the idecal size and sne for the
purpose, and it was filled with life
olce again.

WETe

Refohalesen



Work in the dry dock

After lying abandoned for over eight
years, work restarts in the dock in
January 2000, with the construction of
the 20 foundations for the Bonus
2 MW wind turbinces.

Firstly, the bottom of the dock is
cleaned and levelled. Secondly the
foundation base plate outlines are
marked with colour. As shown in the
drawing on the opposite page, tere 15
just enough room for all 20 founda-
tions.

A track for two large crancs is laid
along one side. Later i the process a
third crane is added to the site,

Just behind the cranc track, a two

storeyed city is erccted. It consists of
grey and blue site-huts with faciities for
workers and engineers, There 15 also a
row of containers, well cquipped with
welding and cutting cquipment, and a
broad sclection of steel working tools.

The actual work on the foundatons
starts in March, While the first trucks
with steel reinforcing bars drive up
alongside the dock, the workers
descend down into the dock by two
steep stainvays.

Soon the cranes are lowening steel
bundles and teols. Each time the cranes
move along the trucks, an alarm bell
rings to warn of possible danger.

e 1

Steed fexing

The larpe photo above taken in mid-
summer shows the site w full acuvity
The site-huts are sitwated to the nghi
behind the crane. This is the base for
the 25-30 construction workers. Fram
their accents we can hear that there is
also a group from Skane, which is situ-
ated just across the water in Sweden.
We think of the new @resund DBridge,
which can be scen in the distance,
south of the site. Four-five engineers
and some foremen from the construc -
tion syndicate coordinate the work
from the office huts by telephones,
computers, mectings, and frequent vis-
its down 10 the dock.



STEEL FIXING.

The workers tie the steel reinforcing
bars in a complex net, later to be filled
with concrete, giving the foundation
the necessary strengeh.

The bars are tied together with
thin wires, Angle grinders and cutting
torches how!l and shower sparks,
where the steel has lo be shortened or
bent in a special way.

Ahove the dock, behind the work-
mien huts, bars are cut and tied together
into special shapes, then lowered and
fixed to the rest of the steel reinforce-
ment.

In the foreground of the farge
photograph to the lefi, two workers can
he seen fying up the circular botlom
net, and  just behind them a finished
so-called "trough" is placed on the
net.

On the right we can sce that
the trough 15 fastencd to the botlom

. A vertical arrcular net s tied,
forming a "wall" in the foundation's
basc plate.

A cranc then lowers a large tube
into the trough, This evlindrical pipe is
equipped with boltholes for the wind
turbine tower at one ¢nd and spikes at
the other end ensuring a pood connee-
tton with the trough.

Finally, vertical concrete boarding
is placed around the base plate
net construction, and the top net
of the base plate 15 Towered down
and fastened. Everything is now ready
for conereting.

Rase plate steel revfrcements. Al the back. the central stoel rehe (5 mowrivd o the through
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PUMP AND GUN

Two big red and white wrucks dnve
up to the far side of the dock opposite
the travelling cranes.

First a so-called concrete pump.
Four solid arms with supporting
legs shoot out. A Dbig, red amm
rises from the 1ruck body, turns
towards the dock, and a thick elephant-
like trunk sways down towards the
reinforcement 1n the foundation base
platc,

The second vehicle 1s a rolating
concrete gun containing ready-mixed
concrete. It backs up to the pump, and
soon a4 crunching sound indicates that
the concrete is on it's way through the

Pouring and vibraling concmie

puayr and down through the trunk.

CONCRETE WORK

A man [ran the concrete gang steers
the whole process with a small chest
mounted contrel panel. He 1s standing
at  the other side of the dock, thus
having a pood view of the pump, crew
and the workers down in the dock.
In addition to visual contact he is in
constant radio comntact with baoth
groups.

Down in the dock, @ worker holds
the trunk, and soon large clumps of
concrete splash down and lic like a
thick dark-grey pile on the base plate's
rust-red steel reinforcement.

ot L vag

Cancrele fase pliales

AN ACT OF BALANCE

It is hot down in the dack, and the
waorkers take tums steering the moutl
of the trunk amd spread the concrele.
This is rat quite so simple. While con-
centrating on spreading the conerete
correctly, one must take care to stand
on top of the thin reinforcing steel bars
in the top aict, where it is casy to losc
one's footing.

VIBRATION.

While the conerete 15 being poured into
the base plate, two men follow the
worker steering the trunk, sticking long
black hoses down into the concerete. Al
the end of the hose, a long, clectrical




“The wilip”
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Concrete bocnding is mousted

vibrator is situated. Rapid vibrations
drive the air bubbles out of the conerete
and cnsure that il is well consolhidated
around the reinforcement.

LEVELLING
As the concrete creeps up over the
edge of the top nel, it is levelled with a
straight steel bar placed between the
central tube and the outer vertical con-
crete shutter boarding

To delay premature drying and to
ensure optimal hardening of the can-
crete in the hot weather, water is
sprayed over the base plate, and for the
same reason the whole hase plate is
finaily covered with black plastic mats
to keep it motst.

Concrete work completed

THE TULIP

In front of the site huts, steel reinfore-
ing bars have been formed mito a cone,
alsa called “the tulip™. It will act as an
icebreaker and as a landing platform
for scrvice vessels.

A crane lowers the finished tulip
down into the dock, to be tied together
with the reinforcement still sticking up
from the finished concrete base plate.

CONCRETE SHUTTER BOARDING
Work now changes character and
waoden concrete  shutter boarding
Likes over. Artistically shaped form-
work elements are lowered into the
dock to be joined together to onc
large boarding structure, surrounding

the tulip. Later, the gangways are
made, connecting the construction {o
the side of the dock. We are all ready
for another pouring.

FINAL POURING

Once again concrete is puniped into the
dock. First the tulip itselfis filled, then
the central steel tubular pipe is filled
with ballast concrete, packing the PVC
tubes, through which the wind wrbine
sca cables will be connected to the
transfonmer.

During ¢very pourtng, 4 new con-
crete gnn pulls up, as soon as the pump
1s empty. We often sce several concrete
puns swaying over the dock, all
active at the same tme.



Asyembiag of lower fasc tectien
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ASSEMBLY OF THE

TOWER BASE SECTION

A large truck pulls up with the fower
base scection for the Bonus 2 MW wind
turbine. The blue overalls and whitc
hard hats of the Bonus fitters arc
present.

A large and a small crane from the
Krangarden crane hire firm are also m
place, ready to go. The two crews
exchange hearty greetings, knowing
cach other well from many previous
installation jobs.

The dicsel engines roar, and the
hooks are lowered. The cabinet for the
clectrical system and the transformer
are lowered down to the foundation
and placed inside the central wbe's
outer bolt cirele, where the bolts for the
tower flange are already in place.

The smiall crane then lifts the battom
of the tower basc section, while the
large crane lifts the top end. The small
crane guides the lower end, thus avoid-
ing possible obstructions on the ground

When reaching the vertical posi-
tion, the hook from the small cranc
is released. and the large crane swings
the section over the foundation, and
genlly lowers it down to the waiting
fitters, who guide it into place ova
the bolis of the ecentral tube. Soan
the metatlic hammenng  from  the
hydraulic wrenches tells us that the
tower section is bemg bolled to the
foundation unit.

THE FILLING OF THE DOCK

Many of us have been looking forward
o Monday the 18" of September,
when water will finally flood inand fitl
the dock.

This operation is supervised from a
small pumping station at the @resund
end of the dock. Inside the station
there is some rather old yellow
machinery. However, everything still
warks fine, and while we all eagerly
stand around taking pictures, the water
from the Oresund is slowly let in, The
dark, green water creeps genly up
around the foundations and up the
walls of the dock.

After six hours the operation is
completed. A vital phase of the project
I Gver - @ new ond is to begin.



Etele Biegee § arreves feeom Koy

Although the dock is full of water,
there is still much activity going on.
The inain pronty is the installation of
the electrical equipment. Transformers
and cabinets for the control units are
mstalled in the wower sections. Teams
from Honus, NKT and Siemens try to
finish as much as possible before the
foundations are shipped out.

There 1s much discussion about this
future cvent. Many eyes oficn look
out over the @resund, until hnally
on the evening of September 297, the
long-awaited vessel “Eide Barge §°
sails through the dusk with lighted
lantems.

THE EIDE

The Eide comes from Norway, She
will transport the foundations out to
the Middlegrunden and lower them
inta their positions.

She is a rather strange ship. Below
the deck there are 15 large tanks for
hailast. They are filled or emptied
according 1o need, and are therefore
able to repulate the depree of deflec-
tion of the vessel in relation to the hor-
rzontal sea level.

The structure above deck 1s cus-
tomized for this task, and the larpe
winches, blocks and tackles were

previously used during construction of
the @resund Bridge.

On the deck, a white girder con-
struction, shaped hke a crane at the
front end, will lilt and lower the foun-
dations. At the centre of the girder con-
struction the wheel house and a contain-
cr for tools and storage are built. The
container also has a heating oven, a
table and some chairs for the workers to
usc. Abafi, we find living  facilnties for
the six-man crew, and behind them sev-
cral large concrete blocks function as
ballast for the heavy cquipment up
front.

Finally, the vessel has a yellow,
mobile crane holding a large, blue iron
spear appearing to be able to penetrate
down into the seabed, if released.

Ede crame {{fiing fitiegr
sy fveered 1o e sl

LIFTING GEAR

The crane jibs have the shape of two
harizontal heavy steel girders. They
are shown on the right side of the
above photograph. Each girder is
cquipped with a sct of lifting fittings,
which are raised and lowered by four
hydraulic winches. The wire 1s ope-
rated by a cranc driver sitting in
a small control cabin just behind the
Jibs,

The Eide’s lifting fittings will be
connected to carrespanding  fitlings
fastened to the Toundation base plate.
Three foundauon-sets of these base
plate Ntiings have been made, and as
the project progresses they are first
mounted and later disasserobled by
divers.

Toest mounting of Wifting furings

on e faundalicn oo peie



The divers gp weaek

THE DIVERS.

We have heard about the divers before,
and now we sce them for the first
ume - two divers and a skipper, sailing
into the dock with the "Line", a
fine old modified tug boat with a
yellow cabin and black sides.

The Line sails towards the founda-
tion waiting to be shipped out. She
moors at  the dockside, while a diver
puts on his insulated and close titting
hlack rubber suit. He is assisted by his
male, another diver, who will remain
on beard during the eperation.

The diver puts on a rubber mask
with a buili-in microphone and an illu-
mination projector over his head. The
mask 1s connected to a rubber air hose,

supplying him with air from a pump on
board the Line. An emerpency reserve
tank with five minutes of air supply is
attached to his back.

With a splash the base plate lifting
fitings are lowered down into the
dock, The diver then sits on Line's

railing, falls backwards and a trail of

bubbles on the surface indicates his
direction.

FASTENING

THE BASE PLATE FITTINGS

We po below deck with the diver's

mate. He switchies on a monitor, so we

can clearly see what the diver is doing.
The diver and his mate discuss the

lask. and the fittings are carefully
placed over threaded iron bars sticking
up from the concrete basc plate
Subscquently, targe nuts are tghwned
with a hydraulic weench powered by a
hivdraulic pump on baard the Line.

When all four [itting fitings are
mounted on the foundation base plate.
the diver's mate puts a video tape into
a recorder beside the monitor. The
diver then Nlms the four lifting fit-
tings, documenting that they are 1n
place and assembled correctly .

Then up to the surface and it is
lunchtime.

COUPLING THE FITTINGS

The foundation lies between the Fide™,
crane jibs, and after lunch the diver
jumps i oagain, and his mate 15 now
joined by a crewmember from the
Cide. They both wateh the eperation
from the monitor below deck. The man
from the Cide is in radiophone contact
with his ¢rane driver.

When the large crane is poing to ift
the foundation, an outward force will
be exerted on cach set of the base plate
finings. Accordingly, the diver com-
pensates for this force by fasiening =«
steel between  the  fittings
and tightening it with a large vellow
tackle.

It is now tme for the coupling of
the base plate fitings with the fittings
from thc Line's crane. Each of these
fitings is cquipped with a mandrel
enabling the coupling of corresponding
fittings.

The crane hitings are lowered, and
on the screen we follow the diver
steering the two sets of fittings above
cach other. The diver and his matc
work in cooperation, while the man
from the Eide over his radiophone cor-
respondingly instructs the ¢rane driver
1o raise of lower as necessary. Finally
the diver can put the mandrel through
the fittings and complete the final
coupling.

Within a few hours, all four sets of
lifting Mttings are coupled, and the
diver finally video tapes all sides of
the assemblings as proof of the work
being done aceording to the specified
requirements.

wire



The Ekle with the foymdarion and the Voe Veture tied alonpsinde

We hoard the Fide tw see how the
foundation is placed on ity exact
position out on the Middelgrunden.

When we arrive 1 the moming, the
Eide has filled its rear ballast tanks,
resulting in the vessel being heavier
at the stern and thereby rawsing the
bow. [t is therefore well prepared for
lifting the 1.5306 wnnes foundation
waiting ahcad.

LIFTING

The cranc slowly stans to lifl the foun-
dation. This is done by steel wires
passing through tackles fastened to the
crane jib. They are connected to four
large hydraulic winches, placed on
both sides of the wheel house. During

the lifting procuess, the ballast 1s adjust-
ed by filling more water into the tanks.

This operation lakes app. one and a
half hour until the foundation is finally
raised, and the vessel lics in & honzon-
tal position in the water.

Before the foundation can leave the
dock, the divers once again come in
with the Line. They make an underside
inspection in order to check whether
any unwanted jagged concrete edges
remain from the pouring. If there are,
they are removed with 2 hydraulic
pick-hammer.

SHIPPING

We leave at 10:30 a.m. The Eide can
only sail slowly, and she is assisted by
the English  work-boat the “Voc

SHIPPING

re—

Venture”, which is tied alongside. The
speed is then 3.8 knots.

While cressing the large ship navi-
gation channel Kongedybet, the Eide
steers lowards the Middelgrund Fort.
[1alf an hour Yater we are at the northem
end ol the future wind turbine array. We
tum to starboard and sail south into the
Holimnderdybet, another large ship
navigation channel.

Shuppang - the Middele rund Fort chead



All wind turbine positions are now to
our west, towards Copenhagen. When
occasionally a sunbeam breaks through
the grey and misty weather,  we can
clearly see the silhoucttes of the
Copenhagen Town Hall. the Marmor
Church and the Amagervacrket, which
15 the uulity power station to receive
the power from the wind terbines.

10 minutes later, we are now oft the
position where we shall lower and
place the foundation. It is time to leave
the Holla:nderdybet. The Voe Venwure
chanpes her position and now at a right
angle, off our side, pushes us towards
the target through the recently excava-
ted navigation channel.

GPS-NAVIGATION.

Navigation during the passage lowards
the exact position is donu by the Global
Positioning System (GI'S), a sarelite-
based navigation systemi, wherchy a
special receiver picks up simultancous-
ly transmitted signals from several
satellites in pre-repistercd orbits. By
measuring the time difference between
the different reccived radio puiscs, an
exact position on the  surface of the
carth can be computed.

Two independent GPS systems,
cach with two receivers are installed on
the Eide. In addition this system is
linked to two reccivers on top of the
Amagervactket. All these  systems
working in unison enable the founda-
tion to be positioned with an accuracy
cquivalent to a circle with a radius of
25 centimetres,

The foundation site coordinates are
encoded into the Eides navigation
computer. All navigation is carried out

i e wheel house, where a surveyor
follows the situation on one of the two
GPS monitors, and the skipper navi-
pates with the other.

The display is simple. The centre of
the crushed stone cushion layer is
marked with a cross, and the founda-
tion is shown as a small circle with a
tail indicating the mavigation route.
Slowly, just like a computer game, the
skipper now navigates the foundation
10 its final position via his monitor.

ANCHORING.
After 30 minutes, the skipper has

The ¥oe Femture fandiing an anchor

Wirch for aachor wire

Canwalk Srvm the wheel howse i the cabin of the crame deiver

navigated the unit ta a position
two metres from s final position.
The mandrel holding the blue spear
place by the auxiliary crane is
removed, and it plunges down into the
scabed. Eide is now sccurely held.

The Voo Venture sails to the oppo-
site comer and Tifis an anchor, lastened
to a wire joined 1o a deck winch on
board the Eide. The Voo Venture then
sails out app. 108 metres and lets go.
This process 1s repeated unul  four
anchors are finally laid out, cach
attached 1o a winch at all four comers
of the Eide.

GI'S - simplified screen fmage



POSITIONING

Now that the Erde is seeurely anchor-
ed, the auxiliary crane hoists the hlue
spear up [tom the seabed.

Using the GPS and the anchor
cannected comer winches on the barge,
the skipper now steers the unit towards
the target arca. Le controls the from
hydraulic winches and is in radio
contact  with the crew  members
operating the two rear mwtor driven
winches.

When the foundation is exactly
above the target, the large winches on
cach side of the control cabin,
cquipped with strain gauges to avoid
vverload, gently tower the foundation
down towards the bottom.

Approximately 30
ahove the crushed stone cushion layer,
the crane stops the descent. A diver is
sent down to check the position of the
foundation and its angle in refation to
the honzomal level of the cushion
layer. Necessary adjustments are made
by the crane winches so that the bottam
of the hasc plate is paralle]l to the
plane of the cushion layer surface.
When this is satisfactory, the founda-
tion is gently positioned on the cushion
layer.

The foundation 1.500
tonnes. However, during the initial
lowering phase a crane wire backs-
stop is applied, and the foundation
is placed on the cushton layer with
a weight of only 300 twnnes. It 1s
now finally in place and will
not settle further. The time is now
2:30 pm.

centimetres

weilghs

CONTROL

The deviation degree of the tower base
section 18 checked by a large water
level and Tong aluminiun rails fastened
at the bottom of the tower section. The
deviation should not exceed 0.25
degrees. However, should this be the
case, special shims must be fubricated,
to be placed under the tower bolt
(lange, when the Bonus fitters and tie
crane crew install the upper sections of
the wind turbine. Luckily, there is no
need for these extra shims, and all 20
foundations are placed in the correct
veriical position.

CORTE e

Diver golag divwn for comlrol

FINAL POSITIONING

After the venical deviation has been
checked, the positioning of the founda-
tion continucs.

During the sca transit, the Eide's
rear ballast tanks has been filled 10
compensate for the weight of the foun-
dation. As the load sirain on the crane
is now reduced, the water in the tanks
1s emptied to return the vessel to alevel
position. This is a two hour process.

As the foundation now rests on the
cushion layer, the diver goes down
again to disengage the lifting futings
and load them back on the Line. This
process alone takes a few hours, He
then checks if there is any hoilow
spaces between the surface of the cush-
1on layer and the bottom of the founda-
tion bed plate (caused by the former
vibration). He mcasures the periphery,
and these measurements are registered
on a tape in the Line's video recorder.

FINISHING WORK
Subsequently, divers will inject stiff
black hydraulic cement imto these

[—

Comyiruction detals

hollow spacesensuring that in the
futurc the crushed stane cushion will
remain intact and continue to fully
support the foundation.

A cable-conduit will be fastened
onto a pipc-junction sticking out from
the side of the foundation base plate.
This arrangement will Jater be used
by the company NKT Cabhles when
connecting the sca cable to the trans-
former inside the tower base scction.
Finally, a construction vesgsel will
rewurn to the site and fill the trench
alongside the basc plate with cover
stones and filtration gravel.

A corstrusvian veoel places cover viaaet
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WIND TURBINE
INSTALLATION

It took just under two months for
Bonus to install the 20 wind turbines
on the Middelgrunden. Now follows
the story of the most iinportant events
on land and at sca,

23 Octoher:

PREPARATION OF THE BASE
The awtumn weather is dark and damp,
when we meet to establish a base for
assembly and installation preparations.
The chosen site 1s the old B&W quay
for fittng out on Refshaleoen. We are
seven persons, five fiers and two site
managers.

Along one side of the site two
workmen site-huts are installed, one to
be used as an office and one for the
fitters. We also nstall a container well
equipped with tools and fitings.

Colleagues trom other companies,
for instance Krangarden, NKT Cables
and KK Elcctronic, arc also maving in.
App. 13-14 site-huts arc connected
by wooden gangways with lavers of
thick, brown mud. During the next
couple of months, about 60-70 workers
will be based here.

On the site, our white truck waits
with the "Elephant-foot”, 2 stand for
assembly of the rotor. This is unloaded
and placed app. 15-20 mctres from the
quayside, near 2 360 tonnes crane {rom
the Krangarden,

THE THIR
Tied up alongside the quay lies the
Thir, 2 big black barze [rom Svitzer.

She has been there since Aupust. On
board a [80 tonnes crane 15 installed,
and anather efephant-foot idenucal 10
ours on shore. ln addition fittings for
sccure tranpart of the upper tower sce-
ton and the nacelle of the 2 MW Bonus
wind turbine have been mounted. Also,
a couple of yellow metal huts for the
crew have been arranged. The Kran-
garden has run this entire operation.

26 Octoher:

THE MUHIBBAH

Installation of the basc procceds
according o plan, and we have nme to
stand on the quay and watch the tug
boats the Sara Maatje and the Ormon
haul the Muhibbah into the harbour.

The Muhthbah 1s a jack-up crane,
and despite of the oriental sounding
name she comes trom Rostock in the
former German Democratic Republic,
where she was built in 1960,

She s black and huge, carrying a
large orange 550 tonnes deck crane
and a white building with the tech-
mical systems and bunks for the crew
of seven men. However, the general
impressyon 15 of a slightly  rusty
vessel

A set of long legs sticks up in cach
corner, cight hrown legs in all
During the tow, the legs are supported
and held up by large air bags. When
the vessel finally amves at the site,
air 1s released from the baps, and
the legs slam to the scabed under
their own weight making a tremendous
noise,

The Bunus buse at Refokadeoen. Thir and cranes af the right




The Muwhihdak

When hydraulic pressure is applied to
the legs, they can lifi the vessel free of
a rough surface. This process is called
“jacking-up”, hence the name.

The three vessels all come from a
job in Scotland and the trip should
have taken them app. 12 davs. How-
ever, rough seas and a zig-zag course,
necessitated secking shelter during the
voyage 1o Copenhagen, and resudted in
a lotal voyage of 27 days.

27 October:

We are now ready 1o install the first
wind turbine, but all Muhibbah's
cquipment is lying about on the deck
and must Nrst be pwt in order
Supplics and diesel fuel must he
teaded, and the required incetings to
discuss vanious safety operational
procedures must be held. Equipment
for measuring wind speed  must
he installed and finalty the vessel
mmust be classifiecd  and cenificd by
Germanischer Lloyd.

29 Octoher:

SAFETY REGULATIONS

Finatly, everything is prepared for
wind turbine installation, and on
the fiing cut gquay, everybody is
caper to pet started Unfortunately,
the wind is now so strong that the
safety regulations and requirements
cannot be met for several days. The
fitters retum to other tasks in Jutland,
remaining  on  stand-by  for the
Middelgrunden.

The Oran

e Sara Maaie

As for safety and insurance, the
following requirements  must  be
observed:

1) AN manne poirvities and basks mils]
b led  and coordaated by an appoant-
ed T Maste™

2} The Mukibbah ind the This must not be
lowed nor positicaed, i tha wind speed
excasts 10 mis [measured atl 10
maters above saa-dowel), § e waler
curerd ol e posilion excaeds 05
knogs, of i 1he wave hidghl ot the posi-
e exceeds 0% molres  |n addilion,
e imaas b ¥ pactcal mile (1.8 km)
MEraTHAT) Wity

3) The rogoe must el b fled d rhe wind
speed excends 10 mis at a height of 60
medris abave w8 level

4) Wnd lurbene work mesl ol Be done
whan (bt wind speed excids 18 mis

St Al “firsi-time” operabions must be
carmed aul durng tha hours of dayhght
amd under mode Evourabla wialhed
condiions than those dasonbed abave

2 November:

PERMANENT CREWS

We are now back in the eapital, this
time with nine fitters: A permancnt
shore crew of four men and a perma-
nent sea crew of five men,

In cooperation with the tcam from
Krangarden, the shore crew assembles
the rotor on the moorage and loads it
on board the Thir together with the
upper tower section and the nacelle.

Together with four to five people
from Krangdrden, the sea crew installs
the wind turbines out on the Eresund.
As the project procceds, fitters who
will carry out further start-up work on

the installed wind turbines will supple
mient the sea crew. The start-up work
ensures operational readiness of the
turhines.

The installation of all 20 wind
turbines is expeeted to take app. two
months, During this period, the crews
will not often sce their families at
homc. However, they know what s
expected and have all given each other
their word to finish the job.

Firstly, everybody stays in single
roams at a hotel in the Copenhagen
suburb of Brandby, but after & couple
of days cveryone moves to the First
Class Dan Hotel in Kastrup. This is at
no further cost, with less time spent on
the highway and the possibility for
very carly breakfasts, which later
praves to be an impaortant factor.

The hotel lies near the airport. The
bluc overalts of the Bonus fitters
crossing the lobby form a great contrast
1o the elegantly dressed businessmen.

3 November:

LOADING THE THIR

Once again a cold and damp mormng,
and it is finally time to load the Thir,

Out of the dark, up at the northern
end of the buse, powerful truck lights
are switched on, and a big red transport
trailer with wind turbine main compo-
nents starts to move forward through
the dark mist.

The quay is lit up by powerful
floodlights, and the upper tower
section is driven forward for undoad-
ing. The two Krangirden cranes, one
on the moorage and onc on the vessel,
hft the tower section at each end and
swing it onto the deck, where it is
secured with circle shaped fitiings.

The nacelle 1s 1hen lifted on board
by the cranc mounted at the Thir, and it
is sccured with big yellow tackle chains.

FFrom now on, the Thir is often on
the way to the Middelgrunden with
compenents, when the transport trailers
drive in. Subsequently, the wind
turbine components arc then loaded
onto racks on the moorage and are later
liftcd on board.

While the nacelle is being loaded,
the hub is driven in, unloaded
arl fastened on the elephant-foot.
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The Roter i being lifted on board the Thir

Thie ror 15 lowained gnte the Thir & elefizm- o

Lifump the macevle

e — AL

Sems comerols iruck crane

Trucks, extended as far as possible
pull up to the site carrying the blades.
One blade at cach trailer. "[low big
cverything has become now" we think,
as we move backwards o find a
distanice enabling us to have the cire
blade in our camera window.

For a short moment the sun breaks
through the clouds, and the glass fibre
blades wm increasingly white in the
sun. The moorage cranc lifts the blade
root while our tmeck mounted cranc
lifts the blade tip.

Over by the hub, in radio contact
with the crane from Krangarden, Iens
very concentrated operates the truck
crane with a chest mounted control
pancl, stecring the blade tip free of
any possible obstructions.

The two cranes [ift and move the
blade from the trailer towards the
wailing hub, where the root bolts arc
carcfully guided through the hub bolt-
heles.

Tweo fitters crawl into the hub, and
soon the typical metallic clicking from
the hydraulic wrenches tghtening the
hub beolts is heard.

When all three blades are tiglitly
bolted to the hub, the moorage crane
moves the lifting straps from the blade
root to the hub lifting Ntings. Whiic
Jens steers the blade tip with the truck
crane, the moorage crane now pently
lifts the rotor and lowers it down o be
fastened onto the ¢lephant-foot on deck.

THE MUHIBBAH SETS OUT
While the Thir is being loaded, the
Muhibbah leaves the quay at 10:15
a.m., towed out into the Gresund by
the Sara Maatje and the Orion.

The Muhibbah and the Thir are
always towed to lhe north of the
Trekroner Fort and leaye the harbour
area from there. The smaller transport
boats with the crews and smaller comn-
panents sail south of Trekroner and out
through Lynettclabet.

Just past midday the Muhibbah
runs into heavy currents, and as tlic
vessel cannot exceed a speed of 3
knots, and 10 order to be at the first site
on time, asststanec iy required from the
Goliath, a larger and more powertul
teg boat.
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THE MIDDELGRUNDEN

The plan is first to install wind turbines
Nos. 12-20 at the southemn end of the
array, and yesterday Orion left  to
check the navigation channel route for
stte Nos, 12 and 13,

The Middelgrunden ts bounded
by the navigation channels the Kong-
cdybet to the west and the Hollander-
dyber to the cast. As the sea in front of
the wind turbines towards Copenbagen
is rather shallow with water depths of
2.5-5 mcters, all passages to the wind
turbines  must  pgo  through  the
Hollenderdybet. The passage to this
point always goes north of the wind
turbine array.

 MUHIBBAH IN PLACE

It is now 2:30 p.m, and the Muhibbah
at the site of wind turbine No. 12, The
Tow Master leads the operation trom
the deck with bis radiophone, ordering
the Orion and the Sara Maalje to pull or
push the jack-up crane, manocuvring il
into its correct positton. At 3:05 p.m.
everything is in place and the legs go
down into the seabed.

The Mubibbah has brought a
mabile gangway cnabling the fitters 1o
walk over to the foundation. When
atempting to lift the gangway into its
position, we find that we arc situated
five metres short. However, the
Muhibbah will rtemain in place, as the

Sara Maalye purkes Thir

cranc jib has cnough reach and the
fitters can sail to the foundation.

4 November:
THE THIR LEAVES
At 710 a.m. the Thir is pushed out of
the harbour by Sara Maatje with the
Orion alongside, camrying the compo-
nents for wind turbine No. 12

Near the Muhibbah, the Thir is
pushed up along the side by the Sara
Maatje. Then the Orion pushes her in
close to Muhibbah. Apain, the Tow
Master runs this operation, and at 8:30
a.m Thir i positioned at site No, 12,

1% ERECTION (Tustine No.12)

Almost at the same time a group of
nine people from the Bonus sea crew
and the Krangarden crew leave on

Skagerrak; - th fop Rpht pichey thows Alesund

board the light transport vessel the
"Skagerrak”. It has room for 20 passen-
gers. A sirnilar boat, the "Alesund”, has
also heen chartered by Bonus, These
boats, with a crew of two men, provide
rapid and flexible transportation of per-
sonnel and equipment between the
Middelgrunden and the shore base.

Out of the harbour, we wim o
the right and pass the Lynetten
sewage disposal plant. From the grey
quays the seven Donus 600 KW wind
turbines, commissioned in 1996, prect
us as we sail hy. Afiera 1S minute un
we lie alongside the Thir and climb on
board.

The cranes on the Thir and  the
Muhibbah start up, and we hear the
ghastly coughing from Muhibbah's
robust old American engine,
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Two fitters sail 1o the foundation, and
the Thir crane lifts a dicsel generator
over fo power the hydraulic wrenches
that o balt the
different components together.

They climb up into the tower base
section already installed on the toun-
dation and remove the sluminiun
covers preventing water and dirt from
penctrating, The Muhibbah crane  tow-
ers them down onto the Thir's deck.

the fitters will use

TOWER ERECTION

On the deck, the upper tonwver seetion is
refeased from the transport fitings.
The hook from the Thir's crane is
fastened to hift the fittings fastened to
the bottom fange, while the Muhibbah
crane "grabs™ the lifting fittings in the
top flange.

Muhibbali's crane lifts the tower
upwards, while the smaller crane on
the Thir steers the base free of the
different hindrances. We are in radio
contact with onc of our men in
Muhibbah's crane cahin, translating the
different instructions to tlie German
crane driver.

AU TO:H0 aum. the Targe tower sce-
tion is hanging straight down one and a
half metre above the deck. and the it
ing fittings at the  tower base arc
released. A man tn an orange overall
Irom the Krangarden team loosens the
hook, while the crews from Bonus and
Krangdrden help cach other to remove
the fitings from the tower base flanpe.
Sometimes they must stride over big,
thick grey alumimium cables sticking
out from the tower base, lined out in
two long rows on the deck

The Muhibbah engine coughing is
heard again, and the big crane lifts the
tower section up inlo the air with the
aluminum cables hanging down like a
long dark line from the bortom.

The upper iower seciion goes up

The tower is turned towards the fiters,
who can be seen as two small spots at
the top of the base tower section. They
catch hold of the cables, and while the
upper section is slowly lowered, the
cables are led down towards Uic control
cabinets below,

The two tower scctions are now
almost connected, The fitters are in
radio contact with the crane dnver
stcening the flange into its nght posi-
tion, Soon two bolis can be fitted
through the flange bolt holes, and the
crane  slightly  slackens the lift.
At 11:00 am., the remaining bolis
are placed and tightencd The tower
scction is finally assembled, and the
crane releases its hold.

NACELLE LIFT

The Muhibbah crane-hook is now low-
ered down over the nacelle, and two fit-
ters climb into it by a fadder and attach
the hook Lo the nacelle lifting fitting.

DRAMA

A dramatic event arises when a wave
from a passing tanker suddenty causes
Thir to sink a metre. The pull on the
nacelle thereby changes from the
expecled 40 tonnes to 100 tennes,
overloading a shackle tying the nacelle
down to the deck. From now on, all tie-
downs are released before attachment
ot the crane hook, and a goed lookout
is kept lor possible disturbances from
waves,
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At 1130 w.mewe hook up again, and up
gocs the nacelle. At B30 pm. San
unexpected rapid vawing of the crane
causes some problems, however we are
very careful, and the nacelle 1s finally
in place.

The totor is looscned from the
elephanit-foot and prepared for eree-
tion, but Muhibbah's crew rctuses to do
any further lifting today. Therefore, we
satl back to the Refshaloen, lcaving
Thir with the rotor at site No. [2.

NEW POSITION

The yaw problems with the Muhibbah
crane result in excessive side-to-side
swinging of the rotor during Tift. We
therelore  decide that dunng  the

The macelle poes up

ongoing and (uture lift operations the
Muhibbah rnust remain at its present
position, at a distance comparatively
far away from the foundution. This will
then allow the rotor to be mounted
more “dircctly” on the nacelic.

Mounling af th

s R

w crgme ook an the hub ifiing fitiings
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5 Navember:

ROTOR LIFT

AL 700 am. we board the Skagemak
for further installation of turbine No. 12.
The Thiris still there, rotor on deck. On
arrival the cranes start up, and two fit-
ters connect Muhibbah's crane hook
the yellow lifting fittings on the hub,
while below, the bolts fastening the
rotor to the elephant-foot on Thir's deck
are removed.

At 9:00 2.m. the Muhibbah lifts the
rotor, while the Thir's cranc is attached
to the blade tip pointing downwards,
thereby  steering the rotor free of
possible obstructions on the deck.
Up it goes, and the smaller cranc
releases s grip on the bottom
blade tip. The two blade tips facing
upwards are steered from side-1o-side
with blade ropes. Fitters placed on both
the Thir's and the Muhibbal's deck
control  the ropes.

BEGINNER DIFFICULTIES

When the rotor reaches the nacelle, itis
hanging oblique, making it impossible
to mount it onto the main shaft
Therefore, 1t must be re-lowered and
boltcd to the clephant-foot once again.

This is not surprising as we are
working with a new, large wind-
turbine type, which m addition will be
crected at sea for the first ime.

The problem is solved on the deck.
The hub lifting fittings are moved.
and the cut on the spinner is moditied.
After three hours of work the rotor
goes up again. This time it is hanging
better, but it still calls for experien-
ced fitters to position it. At last

we succeed, and the hub bolts arc
tightencd. The first wind turbine is
nstalled.

S g, 400

Almasi thers!
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ADJUSTMENTS

Cvenally, additional alterations of the
litting fisngs and another four-five
rotor lifts are necessary, before we are
completely satislied.

It should alse be menvoned tha
in the beginning we have some prob-
lecms with the blade ropes. At sca there
1 not quite the same space as on shore,
and therefore the angle up to the blade
tips becomes rather steep. This asks for
a stranger pull in the ropes, and often
the fitters have 1o wind them round a
pipe in order to keep the rotor under
control.

We start by using a
of blade rope with ultimate stress.
However, they soon  shiow  signs
of poor wear resistance, and we
quickly require 800 mctres of the old
type of blue nylon "fanmer's rope”
from the factory in Brande. These give
satisfactory service for the rest of the
project.

new  Lype

BURSTED AIR-HOSES
This afternoon we are warmed of our
future relationship with Muhibbah.

Now that wind turbine No. 12 is
installed, the jack-up crane will be
towed to posittion No. [3, the next
installatien site. Towever, two of the
lep air-hoses burst, resulting in an extra
three hour wail,

A1 9:14 p.m. the Muhibbah is ready
o be towed again. At [1:16 pm the
legs are finally set down on the
Oresund seabed, and the jack-up crane
is in position once again,

Alr-hoser around the Sfeaibbab T fvx

Fher restor soves ap

The rotor by the necells

& November:

START-UP WORK

Today, the wind blows 14-20 m/s at
60 metres height. This is too much, so
we can forget about wind turbine erec-
tion. The time is spent clearing up and
starting up the work in wind turbine
No.12,

The start-up work entails tightening
all bolts to the correct torque. During
the actual wind turbine erection all
holts are tightened "provisionally™ in
order to install the wind turbine as
guickly as possible saving expensive
time using the crane .

After the bolts have been correctly
tightened, the rotor is allowed to

85 matre atove Evesund ar night

run idling with pitched blades prevent-
ing it from a run-away. The purpose of
this slow rotation is to protect the trans-
mission beanings [rom staudstill marks,
which may appear tit case of a longer
stationary period before the turbine is
connccted to the gnd. A temporary
idling oil pump is instafled ensuring
adequate gearbox lubrication,

Apatt from tightening bolts, the
start-up work in this phase also
involves removing the lifting fittings
and placing the control- and steering
cables etc. The start-up work,
described in details on page 36, contin-
ues as the wind turbines are erecled.
one by one. This is also done on days



when weather conditions are not suil-
able for safe wind turbine crechion.

SEASICKNESS

During start-up work on wind turbine
No. 12, the wind speed is 18 m/s for
four-five hours. This can be telt inside
the wind turbine, and the finters laok
rather queasy when they finally get 10
shore. Even though it doesn't always
blow this strongly, c¢veryone suffers
from milder seasickness during the first
two weeks. When arriving back home
at night, our floors and beds arc sway-
ing.

7 November:

2~ ERECT'ON {Turkir: Mo |3

There are now 14 Nitters trom Bonus on
the base, and while the crew on shore
prepares and loads the main compo-
nents for turbine No. 13 on board the
Thir, the sea crew waits for the weath-
er to improve, as predicted by the
weather forecast. In the moming the
wind speed is about 1S m/s, but lucki-
Iy it drops to about 8 m/s in the alter-
noon.

We finally start installation of
turbine No. 13 at § pm., and this
evening, like many to come, we work
undur antificial light. This is not proble-
matic - it is actually a fantastic sight
with the big white components all it up
against the dark sky. In the distance the
¢ity hghts from Copenhagen provide a
romantic background.

The erection proceeds well, and we
are grateful, that a good rouline seems
lo show:

0200 pan,: The Thr leavas wih Ihe
COMIpneEis

They Borers and the Krangarden
Crivwrs biorve (of ereclion on board
Ut kgl

0700 pm:

08.00 pm.; Stant af arscion

Wine] g Ko 13 erecled
wilhou! sericas Cilficullies

03:30 am.:

05:15 a.m.; The Thir mmives beack ol (ha
moorape, ready 1o s nee losd

& November:

The Thir is loaded in the morning, but
during the day the weather deteriorates
with wind speeds of 10-13 m/s and
a current of app. 2.5 knots. A new

{paaspltt '"||“l:l

Srubwd scaaning

positioning of the Muhibbah s first
postponed and tlen cancelled.

9 November:
THE MUHIBBAH RUNS AGROUND
The weather conditions are now very
close to the maximum pemissible
safety limits.,

The Muhibbah is towed away from
wind turbine No. 13. She runs aground
trying to get into site No. 14. The sea 1s
not as deep here, as the owners have
informed us, After two more attempts,
cach resulting in a new prounding, we
give up, and the Muhibbah is towed
back to the harbour for an spection.

Back at the quay divers conduct
a visual inspection. Apparently no
darmage has been done to the vessel,
it 1s just "u little scraped”. The diver
inspection notes, that the hull looks
healthy ¢nough.

18 Novenher:

ADDITIONAL SEABED
INVESTIGATION

Bad weather with wind speeds of 11-17
nmvs.

Additional scabed mapping star-
ting the following morning is now
ordered for all passages to the founda-
tions. For this purpose an advanced
ccho sounder scanning by Svitzer
Surveys is made. It 1 also decided that
the Bonus project manager will be on
baard the Muhibbah during tows
between the differemt sites. He will

coordinate the approach to the founda-
tions and decide when divers will have
o go down to check the depth in prob-
lematic areas. This happens app. seven
or cight times during the duration of
the project.

OVERHAULING

OF THE MUHIBBAH

While in dock, repairs start on the legs,
and the cooling water pump necds an
overhaul. A lift stop is now installed,
preventing the ¢rane hook from hitting
the wire puiley at the top of the cranc
Jjib. Strangely enough this is not a legal
requirgment, but it is almost always
fitted on shore based cranes.

ﬁﬁp.:- i HARIT.

Muhibbihs crone
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H-12 November:
It 1s weekend and <ull very windy, so ali
L3onus fitters are ofl for the weckend.

13 November:

Continously bad wcather, now with
wind speeds ol 12 ni/s and a current of
2.6 knots.

20 Bonus fitters are now on the
base, working on many different tasks:
Unloading components onto the quay,
asseinbling rotors and continuing  lic
start-up work on the two wind turbines
crected so far A few men are working
in the B&W dry dock, installing cables
in the tower base sections, which are
alrcady mounted on the foundations,
walling to leave.

The scabed investigations to deter-
mine a safe passage continiue, and
today the navigation channels for sites
Nos. 6, 7 and § will be examined.

INADEQUATE DEPTH

The preluminary results of Svitzer
Survey's seabed measurements at siles
Nos. 14 and 15 show inadequate water
depth, and u construction vessel is sent
to decpen the passage. The origina! plan
of first erecting the southern wind
urbines, is now abandoned. The future
order of wind turbine crection will be
selected in accordance with the infor-
malion available ffom the scabed.

AU 10:[5 pm. the Svitzer Survey
scanning results are discussed at a meet-
ing, and it is decided to stant erecting
wind turbine No. ¢ the following mom-
ing, if the weather forecast holds. It is
expected that the Muhubbah can be
towed out and stant lowening  the

its legs at 7 a.m.

The Heimdal is sent out to sea and
spendx all might checking sites Nos. 6
and 7. While Svitzer Survey performs
¢lectronic scanning, the Heimdal now
mechamically checks the results by
dragging a simple barrier 3.5 metres
below the surface registering all hin-
drances above this height,

14 November:

3"’ ERECTION {Turbine Na. 4)

In the morning a meeting is held with
the ship captains, and all agree that
Svitzer  Survey, following  the
Heimdal's mechanical double check-
ing, will sail out and place buoys in
front of the navigation channel to site
No. 7, where the depth appears to be
insufticient. Also, the seabed investiga-
tions will sull continue with the matn
ecmphasis on the northern arca.

Iroaliagion by might

Otherwise  we  are  all  cager 1o
go to the Oresund, so afier the meceting
we quickly put on our lifejackels
and board the Skagerrak to erect wind
turbine No. 6

0z 0O pm  The Thr sads out with componends

100} pm VWind narbine No 6 @ erpcled

without complcations
1130 pm The Thur s bexck al Ihwe mooeago

Wonderful, a trouble free wind wurbine
erection in the middle of all the difficul-
ties with scabed investigations and alter-
native planning for future installations.

15 November:

4" ERECTION tTurbine No. 7)

The seabed 1nvestigations by Svitzer
Survey continue and the Muhibbah is
towed from site No. 6 to site No. 7
afler a construction vessel has decp
ened the navigation channel. The wind
turbine is then finally assemibled and
crected at 10 pan.

16 November:
5" ERECTION  (Tubime No. 10
Duc to the risk of damaging sea cables,
diver assistance is required during
Muhibbal's transit from site No. 7 to
No. 10

We are now behind our it scbe-
dule, however before midnight we suc-
ceed in erecting the tower and the
nacelle. In the carly hours, the rotor is
lifted. while the wind speed rapidly
approaches the safety limit.
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18-19 November:

Weekend. The weather is not suitable
for installing wind wrbines, so both the
shore crew and the sca crew go homne,
while ather fitters continue with the
start-up work

20 November:

STRUGGLE AGAINST

THE WIND AND THE WAVES
Indecd, this is the day when the
Muhibbah and the Thir fight against
the clements of nature. The weather
conditions arc very changeable, from
time o tme the safety limits are
excecded with wind speeds of 14-17
/s and 3 knot currents.

Iowever, there are also good
periods, so while the Bonus fitters clear
up on shore, an attempt Is made to
move the Muhibbah from site No. 10
o site No. 9,

This almost results in a collision
with the tower, but after three attempts
with additional help {rom an extra tug
boat, we finally succeed in positioning

Gy depwieen the Thir gmd the fnsdation

tlre Muhibbah at site No. 9.

Two attempts are made by the Thir
to bring the components alongside the
Muhibhah, but after & few hours, the
task is called off. We sail back to the
harkour and wait until nightfall, when
the foreeast has promised an improve-
ment in the weather

21 November:

6™ and 7% ERECTION

(Turbines Nex Qand No 11

As forecasted, the weather has now
tmproved, and after yesterday's half
fimished hardships everyone is deter-
mined that it ts time for revenge.

We leave with the Thir in the carly
hours and are placed alongside the
Muhibbah at 6:30 a.m. subsequently
installing wind turbine No. 9.

At 4 p.m. the Muhibbah 1s towed to
site No. |, while the Thir sails back to
harbour to be re-loaded. At 9 p.m. the
crew retums for the day's second erec-
tien, and at 4:30 a.m. next moming it
15 all over.

Mounting of the upper fower seclion

Moeamring of thee roar

Retwming on board the Thir, enthusi-
asm runs high in the little yellow hut,
and the early moming coflee smells
goad. All expectunons are fulfilled, we
had a good day erecting two turbines.

22 November:

A day of preparation. The Orion has
left to measure the water current, and
divers checking the arca on site No. 14
after removing of some stoncs. Al
results are positive and the weather
forceast is also promising. We aim for
another erection tomorrow.

23 November:
8™ ERECTION (Tuine No. 14)
In the moming the Muhibbah is moved
to site No. 14, and the Thir is sent to
sca with a new load of components,
At 12:30 am. we leave on board
the Skagerrak. Today there is no wind,
and it is one of the rare days when the
sun breaks through the clouds and we
can sce the already erected wind tur-
bines reflected in the Gresund waters.



Thuwnder cominp ki

We cross the gangway from Thir to the
foundation and look deep down into
the still water. Here the water depth is

four metres, and a dark green mass of

eclprass clearly shows on the seabed.
A large light green circle alse shows
on the dark green background. This is
the foundation hase plate, maimtaining
the whole construction in its position
by its own massive weight.

On site No. 14 it as late awtumn,
and while the suu's rays rapidly
disappear, the upper tewer scclion
is lifted up, followed by the nacelle.
The rest of the erccrion is done
under floodhights, and at 10 pom.
we are almost hinished.

GREETINGS FROM

THE FORCES OF NATURE

The Muhibbah has lifted the rotorup in
its place, and the fitlers have almost
finished tightening the hub bolts. Then
suddenly thunder and an ugly crackling
is heard from the tail vane sticking up

The Yourra Mage pushes the Thir alongside Muhiddbak

from the nacelle, carrying wind meas-
uring instruments and the lightning
rod.

Aud that is exactly what it is:
Lighting, [n this casc heavy oncs. Even
though there 1s no direet strike on the
wind turbine, the high voltage potential
before the lightning shows itself in
this way.

The fitters do not nced 10 be
reminded of safety regulations ta climb
down in such situattons. They take
refuge in one of the designated secur-
ty zones, on a platform in the tower,
They sit down for the 15 minutes
required by the salety regulations.

In large metal constructions, arcas
of difterent electrical voltage potential
can form, Thercfore, one must wait for
these different voltages 1o be equalized
before it becomes safe to move again.

There 1s more lightning and further
waiting periods before this evening's
task can be finished. The fitters are
hack at the hotel in Kastrup around

midnight, and after a short meal and a
shower, certainly the majority  must
have had a good night's sleep hefore
they meet again the following morming
at 6:30 a.m.

24 November:

9" ERECTION (Turbine No 13)

The day stads blusterous with wind
speeds of 12-14 m/s and currents of
1.7 knots,

We wait on stand-by as the weather
forecast promises better conditions
later in the day. The weather does
improve, and wind turbine No. 15 is
erected without problems late at night,

25-26 November:

COMPANY PARTY

The weekend has come. All Bonus
employees are off work participating in
a big company parly in Heming
Conference Centre on the occasion of
Bonus' 20-year jubilce. Entertainer
Thomas Eje entertaing, and we dance
to two bands - a welcome break for
everyone,

MUHIBBAH LOSES WEIGHT
However, work still goes on  at
Refshaleoen. In order to lighten the
Muhibbah and reduce the nisk of
grounding, the jack-up crane has been
towed to the quay, where four of the
cight legs are removed.

This is not an casy task, as cach
leg is half filled with water and weighs
110 tonnes. The Muhibba's own big
crune lifts the fegs, while a crane  pro-
vided by the Krangarden is placed on

The Orica pushex the Thic towards the Michidhah



Mubibiah crame « froat

the moorage helping to steer them
down onto the quay.

Sunday afterncon everything is
Ooished, and at 530 am. the next
morning the Muhibbah is towed out to
site No. 19 without further problems.

27 Navember:
10" ERECTION iTumine Mo 19
Monday moming Bonus returns to the
base with a full crew of 24 men. The
day dawns with nice calm weather,
a goad feeling after Saturday evening's
successlul company party.
Most of the fitters
Skagerrak 1o start work on the erected
wind turbines, while the sca crew
leave on hoard the Thir to site No. 19,
where the turbine s crected without
complications.

leave with

28 November:,

11'“ ERECT'ON (Turhine No. 20j
TheMuhibbah 15 towed from sie No.
19 10 site No. 20 without difficultics,

The Tair approaches the Auhibiah

T Emrt)

Whifbah craae - near

and in the moming we sail out
with the Thir for another wind turbine
crection.

Adter the upper tower section and
the nacelle are in place, the wind
becomes too strong, and we retum to
harbour, At [1 p.m. we leave again and
mount the rotor, We finish at 2 aumn.

29 November:
BIG PROBLEMS
WITH THE MUHIBBAH
At daybreak the Muhibbah is moved
trom site No. 20 to sitc No. [7. Then
the Thir is loaded and leaves later that
moming for another installation,
Unfortunately there arc big diMcul-
ties with the Muhibbah today, starting
with certain differences of opinien
hetween hier crew and the Krangidrden
crew  concerning wind speed. A com-
premise s reached: 8 m/s as measured
a1 deck-height,
The upper tower scction is erected,

and then real trouble starts. The

i
B

wire twists when lifting the nacelle,
and then the dicsel engine overheats,
requiring several stops dunng the lit-
ing process. Usually only a couple of
stops are needed enabling the engine to
cool down. The lift stop and the load
cells also give us problems.

The nacelle of wind turbine No. [7
is finally lifted into position, where-
upon the Muhibbah is lowed to the
quay for a more thorough inspection,
As this s expected to take a couple of
days, the Thir also retums to the quay.

30 November:
Rotor No. 17 15 still fastened to the
clephant-foot on the Thir's deck, and as
the parked trucks loaded with wind
turbine components are starting to
Mock the moorage, turbing No. 18's
upper tower section and nacelle are
loaded on board the Thir for storage.
Alongside, a team from Kran-
girden lowers Muhibbal's crane and
require outside assistance to evaluate
the problem.

1-2 December:

The wire pully 15 checked for damage,
and fortunately everything appears to
be all right. However, the [ift stop is
altered, as it was incorrectly posi-
tioned.

The crane is checked by extemnal
consultants. The converter oil pressure
is checked and adjusted. The load cells
are faulty and are therefore adjusted
and checked by a subscquent  load.
Later new load cells are fined. The
power supply is defect, and an ¢lecin-
cian replaces the entire circuit around



The Alesund an saend-by

the main switch.

Finally the crane 1s re-geared,
giving the wire a lower gearing. This
means that the Mulibbah has a higher
lifting capaciy, and that the strain on
the winch is also reduced. Late in the
afternoon all these alterations have
finished, and the Mulibbah 15 towed
out to turbine Na. 17 again.

2 December:

THE TURNING POINT

12" and 13" ERECTION

{Turbines No., 17 and Mo 1%

The Thir leaves in the moming and
fortunately the rotor is lifted withaut
difficulues. However, the Muhibbah's
safety systems will not accept the new
load cells, so the old ones are re-fitted.
Even thouph they are not optimum,
they can be used in view of the
recent crane adjustrients, and the work
routine obtained during the project.

The Muhibbah 1s towed to site
No. [8, while the Thir returns to
harbour, still loaded with the upper
tower section and the nacelle for
turbine No. 18. The rotor for this
turbine is loaded, and we leave again.
Wind turbine No. 18 15 crected at night,
and we are all grateful for once again
having completed two ercctions in one
day.

The further development of the
project clearly demonstrates that we
have now reached a real tuming point.
From now on we can crecet the remain-
ing wind turbines according to routine,
when the weather allows,

3 December:

Early in the marning the Thir is towed
alangside the quay, and is loaded with
components for wind turbme No.I6.
However, the Muhibbah cannot be
moved due to excessive wind- and
current conditions.

Fortunately, the weather changes,
and at 7:30 pan. the Muhibbah can be
positioned at site No. 16. At the hub-
height of 64 metres above sea level,
the wind however is 100 strang for
errecting wind turbines.

£ December;

14™ ERECTION { Turtim: No. 16}

The weather is good, and the Thir sets
out at 6 a.m, Wind turbine No. 16 is

The Orien al a foundation

erected without diificulties, and the
Thir is towed back to be re-loaded. The
Muhibbah is towed to site No. 8, which
Is an affair of long duration. as the
weather deteriorates to conditions near
the safety limis.

§ December:

ANOTHER STRUGGLE

WITH THE WEATHER

This moming looks like anather day of
battlling with wind and current.

We are unsure of the conditions.
The Orion s sent 0 measure
the current, resulting in an exira
tug boat being requested to assist the
Thir's transport,

At the beginning of the aftemoon
the Thir lies alongside the Muhibbahh,
and even though we expericnce wind
speeds of 9-10 m/s, we succeed In
erecting the upper tower section and
the nacelle on site No. 8.

We po on stand-by at 5 p.m. and
drink coffee in the vellow site-hut on
the Thir's deck. However, at 7 p.m. the
wind speed increases to 14-15 m/s, and
wc cancel further activities for the rest
of the day.

6 December:

15* ERECTION (Turbine No 8}

Sull too windy and most of the
moming we wait on stand-by. Luckily,
in the altemoon it dies down and we




T Flur and the Afuiniiah

succeed In fixing the rotor on turbine
No. 8. during wind speeds of 10 ms.
The Thit returns for a re-load, while
the Muhibbah remains in its pasetion at
site no. 8§ due to the unfavourable
weather.

7 December:

16" ERECTION (Tusture ¥a 5

At 6 am. the Onon leaves to check the

current, now at one knot which 1s too

much lor the Muhibbah. So, the g beat

the Korsor 1s requested 1o assist i lowing,
The Korsor arnives at 14:30 a.m.,

and the Muhlbbah 1s moved from tur-

bime No. & 1o site No. 8, where the tor-

bing is erected without problems.

8 December:

HARD NEGOCIATIONS

17"' ERECTION {Turbine Mo 1)

Today we have quile tough negota-
tions with the Muhibbah's owner. The
40 day rental contract of the jack-up
crane has now cxpired, and we have
still not erected the four northern wind
turbines

We succeed in obtaining four extra
days by referring to the times when the
Muhibbalk due to alicratons or repair,
was unable to participate in the sche-
duled ercctions,

During these negotiations the weath-
er has exceeded the safery limits, and
now, as a kind of reward for the success-
ful negotiation resalt, the wind speed
falls to 9 m/s at 2:30 p.m. We leave with
the Thir at 3 pm., erect wind turbine
MNo.1, and are back at the quay at 11 pm.

9 December:
EFFICIENT RELIEF CREW
18" and 19" ERECTION
(Turnnes Mo, 4 and Ha. 3}
Most of the crew is free for the weekend
and is replaced by reliet erews from the
Bonus service and production scetion.
All former hiters, cager to demonstrate
that they can still erect turbines,
The Muhibbah maves to site No. 4 at
6 am.,, and an hour later the Thir is
loaded. During the morming wind rur-
bine No. 4 15 erected without difficulties.
Now we stant on No. 3. The
Mukhibbkah stants to mave, and the Thir
relupns to the quay for re-loading.
Early next morning wind turkine No, 3
is crected.

For the third time we have crected 1wo
wind turbines in a single day.

10 December:

GOOD INTENTIONS

AND A WASTED DRIVE

While the relief crew sits drinking
morning coffee on their way back to
share alter the erection of the last but
onc wind turbine, the wind stans (o
blow harder. The Muhibbah's crew
wants to scek shelter in the harbour, as
they cannot jack the platform out on
the troubled waters with only four
remaining legs.

With prospects of slightly more
favourable weather our project-manayg-
er convinees the Muhibbah's crew to
stay put. The Thir is also situated at the
moorage fully loaded.

We are all eager 1o erect the final
turbine, but during the cvening the
relief crew drives back home due to the
cantinously bad weather,

At Refshalesen, the project manag-
er looks for new apportunitics, and as
the crew approaches the Storcbait
Bridge, between the islands of Zealand
and Fynen, he calls and asks them to
return, as condilions are Tooking better.

Unfortunately, the current increas-
es, and necar Copenhagen counter-
orders are given, and the crew finally
turns home towards Jutland after a
good weekend.

Bonus 2 MH oifshore - with the coopyrating wility plant the Amugerwaerket in W boctground



The crane hook and the fting lings ca e Aub

Theer e it

11 December:

ONE TURBINE REMAINING

The next moming we drive towards the
base at 6:30 a.m. It is not the usual
sight. We mieet no rows of transport
trailers with wind (urbine comiponents.
The quay looks empty. Alongside the
quay the Thir wants lTooking alinost
alone and abandened, [oaded with the
rotor, the tower scetion and the nacelle.

The fast wind turbine has to be
crected, and a1 7:(3 a.m. nine people
from Bonus and Krangarden climb on
board the Thir, She leaves, as usual
pushed out by the Sara the Maatje with
the Orien alongside. The crection starts
at 830 a.m. and simuhancously the
dawn opens a dark-prey and windy
day.

The wind speed is constantly
increasing, and when the nacelle is in
place at noon, it exceeds 10 m/s. The
Muhibbah's crew shows by cager hand
signals that we must hurry-up and lift
the rotor. However, the sitc manager
complics with the safety regulations
and declines. The rotor must wait.

The mtor leaves the elefuni-joot

The Mutibdiah wlong the moarage for the last tme

It (s a bit irmitating to wait on stand-by
with the final erection not finished, and
we wail longer than usual. However,
the wind constantly increases, so we
return 1o shore on hoard the Skagerrak.

Back on the quay, the project man-
aper has ordered large open sandwich-
es expecting to celebrate the final erec-
lion. We eat them in the fiters site hut,
and in spite of everything they taste
good,

However, the sile manager does not
have much to cat, hanging on the tele-
phone having long and very detailed
discussions with the meteorological
center in Karup. The strong winds will
continue, but carly tomorrow moming
between 4 am. and 5 a.m., we should
have a shert period with wind speeds
under 10 m/s.

12 December:

20" INSTALLATION  (Turbine No. 2)
It was a short night in the small hotel
room. We are up at 2:45 a.m. and look
out of the window. Forunatcly, as

foresecn, the wind has decreased. and
at 3:30 a.m. we |cave the Refshalencn
on board the Skagerrak

We enter the Thir, start up the
crancs and the rotor lift, It is pitch-
dark, but white floodlights follow the
rotor, as it goes up. Altachment and
successful fastening are completed at
5:30 a.m. The last wind turbine is now
finally crected.

One might have thought that a cer-
tain enthusiasm would be shown, but
the fitters are mostly cager to retum
back to the hotel to have breakflast
They leave on board the Skagerrak,
while the rest of us return to shore with
the Thir. Here the moed 15 alinost
little melancholic.

The wind speed has now dropped
further, and suddenly everything is
quiet, while we sail north of Trekroner
for the last ime and slowly glide into
the harbour past the Langelinie. Here
fleodlights from the many construction
sites show  craftsmen  busy building
new offices and exclusive apartments.

We howcever are finished with our
construction activity, and soon we are
back atong the Refshalcocn moorape
Befare Tong the Krangarden team starts
removing their equipment from the Thir.

Later in the morning the wind
increases, while the Muhibbah appears
from the mist and is towed along the
moorage for the last time.

THE END

This evening Bonus invites their erews
and other partners for a pood meal
at the Lynetten Restavrant. The mood
is cheerful and rclaxed, and the
47 workers congratulate each other and
celebrate that the wind turbines, in
spite of all difficulties, have been crect-
¢d on schedule.

We drive back to the hotel at
11:30 p.m. in & specially ordered bus.
The Krangdrden team however are
not quite "finished” with the ¢vening,
and they succeed in persuading the
Orion's skipper to pick them up at the
Lynetten and sail them into the heart of
Copenhagen. Ruinours relate that for
the rest of the aight the Orion
was"parked” in Nyhavn, right in the
middle of the harbour bar-area.
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The generator in the nacelle of the
Bonus 2 MW wind turbine produces
690 Volt altemating current, which is
sent to the transformer in the tower
base section. The current flows n
three 1,500 mm?® cables, cach carrying,
1.700 Amperes at (ull load.

The Iransformer raises the voltage
from 690 Volis to 30.00G Volts, and the
current is thus reduced in opposite ratio
from 1.700 Amperes to 39 Amperes.
This enables the use of three relatively
tun 150/240 mm? cables for the trans-
portation of powuer to shore. The sea -
cahles are connected to the Amagervar-
ket, 4 utility operated power plant. From
tiere power is sent to the pubhce grid.

Bonus and KK Clectronics install
the cables from the wind turbine gen-
crator 1o the control systcms in the
tower base section, Then NKT Cables
take over, and install the bigh vollage
connection from the transformer and
the coupling through the sca-cables and
up lo the Amagervarket,

NKT Cables play an important role
in this part of the project. Apart from
the cable connections, the NKT makes
and lays their own cables, and with
Siemiens as sub-contracter they supply
and install the transformers and the
coupling systems.

CABLE-LAYING

Al the NKT factory in Kalundborg 21
cables for the project are made . They
are delivered to the cable-laying vessel
Henry P. Lading, where they are wound
onto a large turntable, in the order in
which they will later be laid out.

The wvessel Henry P Lading is towed
to the Middelgrunden by three tug
boats, as it lacks propulsive power.

The cables arc laid between the
wind turbines in a halt a metre metre
deep trench. Fram the site to the shore
the sca-cables are buried in a one metre
deep trench, which has also been dug
out by hydraulic excavators.

Turmtahle with sea-cables

Sea-cable section

Roat places wea-cabler tn air bag

T

However, the cuable trench in tle
Kongedybet navigation channel iy
washed down into the seabed. After
the cables are laid, the trenchies are re-
filled with the excavated material.

Whien Henry P Lading is in posi-
tion, the cable is first laid out on air
bags floating in the water, A speedboat
aligns the cable above the excavated
trench, and a diver working on the sur-
face lets the air out from cach bag in
turns. The cable then slowly sinks
down, and is guided into place by
another diver on the seabed. He is
radia contact with the crew in the
speedboal.

The diver then drags the end of
the cable to the cable-conduit on the
foundation (sce drawing on page 19}
and tics it to a wire sticking our,
A winch placed in the tower base
scction now pulls the  sea-cable
through the foundation into the tower.
Here it is connccted to the wind
turbine electrical systein.

b Catiam

Swa~cable befng monuled {alo air bag

Om-shows cpmmectian





